University of Missouri, St. Louis

IRL @ UMSL
Dissertations

UMSL Graduate Works

12-12-2014

Proprioception and Developmental Motor Training: A New
Treatment For Chronic-Phase Stroke Patients

Follow this and additional works at: https://irl.umsl.edu/dissertation
Part of the Education Commons

Recommended Citation
"Proprioception and Developmental Motor Training: A New Treatment For Chronic-Phase Stroke Patients"
(2014). Dissertations. 208.
https://irl.umsl.edu/dissertation/208

This Dissertation is brought to you for free and open access by the UMSL Graduate Works at IRL @ UMSL. It has
been accepted for inclusion in Dissertations by an authorized administrator of IRL @ UMSL. For more information,
please contact marvinh@umsl.edu.

Proprioception and Developmental Motor Training:
A New Treatment For Chronic-Phase Stroke Patients

Alberto J. Friedmann
M.S. in Kinesiology, May, 2003, Southern Illinois University Edwardsville
B.F.A. in Writing/Literature, May, 1990, Emerson College

A Dissertation Submitted to the Graduate School at the University Of Missouri – St. Louis in
partial fulfillment of the requirements for the degree
Doctor Of Philosophy in Education
with an emphasis in Teaching-Learning Processes
December, 2014

Advisory Committee
Kathleen M. Haywood, Ph.D.
Chairperson
Patricia B. Kopetz, Ph.D.
Cody Ding, Ph.D.
Joseph H. Friedman, MD

Copyright, Alberto J. Friedmann, 2014

PROPRIOCEPTION AND MOTOR TRAINING IN STROKE

ii

Abstract
With stroke occurrence increasing, along with survival rate, it is imperative to find ways of
treating the chronic-phase of stroke. The purpose of this study was to determine if either or both
of two interventions, or their combination, could improve functional performance in patients at
least four years post-stroke. One intervention was resistance strength training while the other
consisted of neurodevelopmental activities that parallel those used with developing children.
Six participants, four male and two female, ranging in age from 23 to 60 (M age 44.5), were
randomly assigned to one of the interventions. Participants ranged in stroke types and effected
areas. They were four to 17 years post stroke. Measurements were taken before, during, and after
the six-month intervention using the Fugl-Meyer Test, Berg Balance Scale, Barthel Index, and
Stroke Specific Quality of Life.
Three-by-six repeated measures ANOVAs, and between-group comparisons, showed some
statistical significance, with η2 recording scores up to 0.92. In addition, clinical significance was
reached in many tests. These analyses indicated that the combined intervention group improved
in more areas than the other groups. The findings are consistent with dynamical systems theory.
The use of a combined intervention mixing neurodevelopmental and proprioceptive training
techniques used in education with common resistance training exercises shows promise as a
means to treat the chronic phase of stroke recovery. This suggests that a shift to continued
rehabilitation programs after the acute phase of recovery and long into the chronic phase of
recovery could lead to improved performance and better quality of life among stroke patients.
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CHAPTER I
INTRODUCTION
Stroke, in all forms, is currently the primary cause of disability among American citizens,
and the third leading cause of death (Oliveira, Cacho, & Borges, 2006; Taylor, 2009; Stinear,
2010; Korpershoek, van der Bijl, & Hafsteindottir, 2011). Stroke is also one of the major causes
of both morbidity and mortality in the United States, and can lead to motor disabilities ranging
from mild to severe (Oliveira et al., 2006). The Northern Manhattan Study suggested that,
“considering the staggering prevalence of stroke, the burden of post-stroke disability is of
primary public health importance” (Dhamoon et al., 2011).
Each year 780,000 people suffer a new or recurrent stroke (Oremus, Santaguida, Walker,
& Wishart, 2008). Of these, two out of three will survive, and more than half will experience
endure permanent disabilities. In 2009, an estimated 5.8 million Americans were living with
disabilities caused by stroke. Survivors encountering the most common result of stroke,
hemiparesis, are less likely to accomplish daily tasks such as dressing, grooming, or driving
(Tabak & Plummer-D’Amato, 2010).
The National Institute of Neurological Disorders and Stroke (NINDS) defines a stroke as
an injury that occurs when the blood supply to any part of the brain is suddenly interrupted, or
when a blood vessel in the brain bursts. Ironically, while interrupted blood flow causes brain
cells to die, due to a lack of oxygen and nutrients found in blood, the same blood, when free in
the cranial cavity, also kills brain cells (National Institute of Neurological Disorders and Stroke,
2009).
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There are two types of stroke, ischemic stroke and hemorrhagic stroke (Taylor, 2009).
Ischemic strokes, which are the most common, make up approximately 80% of all strokes, and
occur when a blood clot plugs or blocks an artery of the brain denying the flow of oxygen to
parts of the brain (NINDS, 2009). Hemorrhagic stroke. A hemorrhagic strokes are different, in
that they occur when a blood vessel in the brain ruptures and bleeds into the brain. Damage
occurs at the hemorrhage site, as well as from the shearing effect of the blood, and the mass
effect of blood that accumulates in the cranial cavity.
Arteriovenous malformations, or AVMs, are a rare and specific type of hemorrhagic
stroke in which defects of the circulatory system arise during embryonic or fetal development, or
soon after birth (NINDS, 2009). In some instances, the AVM ruptures, leading to a stroke that is
usually more severe than other hemorrhagic strokes because the bleed can go undetected for a
lengthy amount of time, causing significant damage to the brain and resulting in a low rate of
survival (Taylor, 2009). While AVMs are rare, they are of particular interest to this research;
previous case study work included in pilot study data that is relevant to this study, specifically
observed the behaviors and outcomes of survivors of AVMs.
Not only is stroke a leading cause of disability in our country, the incidence of stroke
increases approximately 1.75% per year (Geurts, Haart, van Nes, & Duysens, 2004). Also,
research indicates a higher survival rate among stroke patients, due to advances in medicine. For
example, the fatality rate for victims of subarachnoid hemorrhagic strokes, a specific type of
hemorrhagic stroke, has decreased over the past 30 years by 17% (Rinkel & Algra, 2011). Such
an increase of survivorship most likely creates a higher cost to society, due to lost employment
as well as a greater demand on rehabilitation centers, families, and other caregivers (Luft et al.,
2008). The accumulated cost of care in the United States for ischemic stroke alone, from 2005

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

3

through 2050 is estimated to exceed two trillion dollars, primarily affecting Hispanic and African
American patients (Brown et al., 2006). The high cost of stroke, creates lost earning potential
among stroke survivors (Brown et al, 2006). Thus, stroke survival is shown to increase cost to
families, medical professionals, and our country as a whole.
Stroke Recovery
Recovery from stroke is especially difficult to track and measure. First, the recording of
recovery gains is challenging due to the wide variety of disability and individual variability in
the effects of stroke on a patient’s neurological system (Gladstone, Danells, & Black, 2002).
Second, recovery post-stroke is related to brain plasticity (Luft, 2011). Brain plasticity refers to
the brain’s ability to repair itself after damage or to reconfigure itself to accommodate for injury.
Chronic Phase
Whatever the cause of a stroke, it is generally accepted that most functional recovery
occurs within the first six months post-stroke (Taylor, 2009; Geurts et al., 2005, Whitall et al.,
2000). As a result, the majority of rehabilitation practice is focused upon the initial recovery,
while there is little research on rehabilitation for the chronic phase of stroke (Anderson et al.,
2009). For this study, the chronic phase is defined as four or more years post-stroke. Increased
medical competency and technological advancements, especially in the treatment of stroke upon
presentation, has led to more affected patients surviving their strokes, and living longer with
more complex, debilitating, or involved disabilities (Yang, Chen, Lee, Cheng, & Wang, 2007).
Also, after recovery post-stroke patients contend with deterioration of injured neuronal axons
and their myelin sheathes. Such deterioration that results in increased disability can continue
long after the initial stroke insult (Globus et al., 2011). Thus, to better understand and provide
better quality of life for stroke patients, there is an increased need for research on the chronic
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phase of stroke and on potential improvements to stroke patient care, leading to patient recovery
(Geurts et al., 2004; Dhamoon et al., 2011).
Functional Recovery
Traditional recovery interventions primarily focus on activities of daily living (ADLs),
including feeding, grooming, transfers (from bed to chair, or chair to toilet, etc.), and basic
mobility (Garland, Ivanova, & Mochizuki, 2007). There has been significant research on balance
and gait immediately post-stroke, with specific focus on core muscle stability and
proprioception. Upper extremities are also important, since a prominent contributor to poststroke disability is paretic arm function caused by low muscle recruitment (Harris-Love, Walter,
& Whitall, 2005). However, there has not been a “general physiotherapy approach (that) has
proven to be superior for promoting balance recovery from stroke” (Geurts et al., 2004, p 268).
The cessation of follow-up therapy is also of concern, as after the three-year-mark, there is
significant decline in function even among those with early recovery, regardless of insurance or
financial status (Dhamoon et al., 2011).
Regarding the level of functionality amongst stroke survivors, several validated and
reliable methods exist for evaluating stroke recovery levels, as well as stability control, in stroke
patients (Oliveira et al., 2006). One of the most recognized measurements for stroke evaluation is
the Fugl-Meyer Assessment Scale (Gladstone et al., 2002). The Fugl-Meyer exists in both a long
and short form, and has been shown to be highly valid and reliable (Gladstone et al. 2002; Hsieh,
Hsueh, Chou, Sheu, Hsieh, & Kwakkel, 2007). Other accepted measurements of stroke severity
and recovery include the Berg Balance Scale and the Barthel Index (Oliveira et al. 2006). These
assessments were used in this study to measure the effectiveness of the intervention in relation to
overall degree of recovery.
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Assessments, Benefits, and Strategies
Assessments of balance, such as the Berg Balance Scale, are of particular importance
since there is a strong correlation between overall degrees of recovery – including movement,
self-sufficiency, and quality of life – and a patient’s balance and gait throughout the first year of
recovery. Such information is key, as stroke survivors report a relatively low overall quality of
life (Korpershoek, Bijl, & Hafsteindottir, 2011). Assessments of core strength and proprioception
also have been shown to be valid predictors of overall stroke recovery (Marigold & Eng, 2005;
Vearrier, Langan, Shumway-Cook & Woollacott, 2005). During recovery, the ability to ambulate
(walk and move about), and to become more self sufficient has also been linked to results in
improved social functioning, including depression reduction, increased independence, and
increased social interaction (Garland, Ivanova, & Mochizuki, 2007). Core stability and
proprioception gained through gait training have also been linked to an increase in swallowing
control (Duong et al., 2004). This is important for sound quality of life, as an increase in swallow
control can remove the negative societal reaction to one’s drooling.
Due to the high number of stroke patients in the United States, a large number of standard
therapy techniques have been developed to create new neuronal pathways and resuscitate old
ones. Among the therapeutic strategies that can be adopted for stroke recovery are:
•

Postural Sway Stabilization

•

Proprioception Building

•

Task-Repetitive Treadmill Walking

•

Balance Training

•

Sensory Organizational Training

•

Muscular Strengthening
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•

Spinal Stabilization

•

Dual-Task Walking

•

Cross Crawling

•

And new techniques, such as binding of the unaffected side to force use of the affected

6

limb.
Immediately post stroke and in the early stages of recovery, many stroke patients can display a
return of infantile or child motor processing, including the return of infantile motor behaviors,
and reflexes such as suckling and grasping. These emergent behaviors often disappear within a
short time, as the stroke survivor recovers. However, reliance upon visual cues, instead of innate
proprioceptive neural pathways, continues and stroke patients demonstrate an over-reliance upon
vision to stabilize their balance (Guerts et al., 2005).
Dynamic Systems Theory
This research used the dynamic systems approach to developmental strategies of
improving motor development and learning. Consistent with the understanding that rehabilitation
therapies based on motor learning strategies have proven to increase brain activity (Whitall et al.,
2011), the model of constraints is often used by those with this perspective, and is pictured as a
triangle with types of constraints at each point of the triangle (Haywood & Getchell, 2009;
Thelen & Ulrich, 1991). The first principle suggests that movement emerges from interactions of
those types of constraints: the individual’s structural and functional constraints; the
environmental constraints; and the task constraints. The second principle states that human
movement arises when multiple systems act together to produce movement, with no one system
having priority over another. One system, though, can act as a limiter to the rate of development
if that system develops more slowly than other systems. For example, the muscular system might
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limit the development of standing infants since the legs must become strong enough to support
body weight. Finally, the third principle of the dynamic systems approach states that human
movement is discontinuous, even when a system undergoes continuous change, with new
patterns replacing old ones (Thelen & Ulrich, 1991). For example, in the case of an infant, leg
strength can increase continuously with growth or training, but standing on the legs is possible
only when that strength reaches a critical level.
The final concept, that of new patterns replacing old, was the focus of this study. Davis
and Broadhead (2007) further developed this approach. Using the dynamic systems theory, they
suggested that variations in movement are essential to movement, and that such variances are not
problems to be fixed or eliminated. They further suggested that the goals of individual tasks
should remain constant across a variety of instructional methods and variations. For example,
students of tennis best practice their strokes with high balls, low balls, balls with spin, balls
without spin, and so on, rather than balls in the identical location from swing to swing. With this
in mind, the variations and sub-optional movements exhibited by stroke patients can be observed
as the normal variations an investigator would observe in healthy children. If addressed
similarly, as an integral part of learning movement, such changes could theoretically be used to
help the brain re-map neural pathways to demonstrate successful movement (Davis &
Broadhead, 2007). If that is so, those in the chronic phase of stroke recovery could use such
methods to restore levels of self-care and self-sufficiency. That is, full recovery might be
achieved not by repeating the exact same movement but by practicing many small varieties of
that movement.
During post-stroke physical training, intact cortical circuits have been shown to sprout
between the premotor cortex and the somatosensory cortex (Luft, 2011). In addition, intact
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cortical circuits are reorganized both spontaneously and via training. Indeed, Luft suggests, “the
commonly used term ‘re-learning after stroke’ should be subject to scrutiny” (Luft, 2011, p.
167). Research investigated an intervention based on the concept that participants are not relearning movements in the way therapists commonly describe in rehabilitation, but are learning
anew basic movements and actions much in the way a child learns new movements.
Brains have both adaptive and maladaptive means for repairs which can be used in
rehabilitation and learning (McCabe, 2010). McCabe’s findings are important, because in the
absence of normal function, such as what occurs during the post stroke phase, the brain will use
available information, even if incorrect, as the sensory input that lays down new learning
pathways (McCabe, 2010). Not only does the use of incorrect pathways allow for learning of
incorrect movement, but “the longer this disrupted learning continues, the better these
maladapted motor patterns are learnt” (McCabe, 2010, p. 4). Such learning is critical, since the
longer a post-stroke patient is allowed to continue incorrect movement, the more difficult it will
be to replace, e.g., relearn, with correct movement. For example, for a stroke patient with foot
drop, caused by hemiparesis, the longer the foot drop goes unattended, the more difficult it will
be for the patient to learn control of the foot.
Development of Balance and Proprioception
One of the key components to a child’s mobility is his or her demonstrated ability to
maintain balance through learning proprioceptive boundaries. According to the Center for
Development – Pediatric Strategies, early movement skills, such as crawling and creeping, begin
the initial motor processes of integrating hemispheres of the brain. Crossing the body’s midline
allows for development of neurointegration skills deemed necessary, even for cognitive
processes such as reading, writing, and mathematics later in life . Although crawling and walking
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are not solely responsible for neurointegration, they are a primary means of accomplishing this
among infants unaffected by disorder or birth defect. In particular, balance, and the
proprioception necessary for mobility, requires use of both hemispheres of the brain. Thus,
normal motor development involves the improvement of balance and stability, integration of the
brain hemispheres, and neurointegration (Center for Development, 2010).
Stroke can impair any, or all, of the aforementioned processes. Also, stretch receptors
providing information to the proprioceptive system work in conjunction with other senses when
learning new skills or relearning skills damaged by stroke (McCabe, 2010). Research suggests
that movement, utilizing the stretch receptors and the corresponding antagonistic golgi-tendon
organs, may increase learning of skills and movements. Hence, the study conducted herein
proposes that the same activities facilitating motor development in children can improve
rehabilitation in stroke victims.
Play-Based Routines
A common means of reinforcing cross-brain integration in children is the use of
“reaching games,” such as patty cake. Body midline skills are automatically encouraged when a
child uses both hands together at the midline. Crossing of the midline in games, such as patty
cake, and singing rhymes while touching opposite body parts – such as the game Head,
Shoulders, Knees and Toes – or crossing the arms, the Hokey Pokey, and self-hugs, encourages
children to reach across the midline and build greater total body awareness within space,
requiring cross-brain integration of the nervous system. Other early childhood play-based
routines, such as Ring Around The Rosie and Musical Chairs, also encourage greater awareness
of self, in relation to the environment, to gauge timing, body position, speed, and rhythm of gait.
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These play-based routines start simply and build toward greater and more complex
environmental navigation (McCabe, 2010).
Sensory Integration
According to the Pediatric Development Center (PDC), sensory integration requires
humans to know, innately and without being told, what information in the body is important and
receives attention, as well as what can be ignored or screened out. For example, when sitting in a
theater, watching a film, people automatically ignore the sensory input of their clothing rubbing
the skin, while focusing extra attention on the visual and auditory stimuli received from the
theater’s screen activity and sound system. Sensory regulation allows the nervous system to
receive information and organize it, so that a child may ignore unimportant information and
focus on what is important, or sequence neural feedback, in order to create appropriate responses
(Pediatric Development Center, 2010).
To facilitate the development of this type of sensory integration, especially in children
with developmental difficulties, the PDC suggests the use of games that focus on the use of
motor activities, while at the same time stimulating the senses of touch, movement, and
proprioception, beginning with large motor movements and ending with activities that focus on
fine motor movement (Pediatric Development Center, 2010). Exactly the type of games used in
this study, they are adapted for victims of stroke in an attempt to improve lost sensory integration
function in chronic-phase stroke sufferers.
Furthermore, the development of neurointegration is vital for the creation of standing
balance and appropriate gait patterns (Reed, 1989). Reed’s study connects the need for
neurointegration to the need for stability and gait, which, as stated earlier, is a prime indicator of
overall stroke recovery. Specifically, the stability of the head is crucial to improve the
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biomechanical efficiency of sitting and standing balance. As Reed states, “In standing up and
locomoting, the head leads the way” (Reed, p. 8). While those experiencing head stability issues
are a minority of stroke patients, it seems logical to begin with exercises to increase the stability
of the head for those who may experience such post-stroke disability. One can gain an
understanding of the effect of head mobility on gait simply by trying to walk while bobbing the
head up and down, which is not as easy as it sounds.
As gait patterns continue to develop, it is apparent that the central nervous system can
coordinate multiple motor actions to achieve a specific end. For the rehabilitation of injury, Reed
states that these variations in force can “result in the same joint angle history and, in turn, many
combinations of agonist and antagonist muscle forces will result in the same overall movement
of force” (Reed, p. 14). The result can be the creation of task-oriented movements in gait, despite
differences in physiology and biomechanics, including starting position, even in the event of
injury or pathology (Reed, 1989). For stroke victims, techniques and treatments used to develop
multiple motor actions and the coordination of agonistic and antagonistic muscle forces in
children may effectively create these same skill-facilitating neural pathways to replace injured
neural pathways. Results could be especially important in areas of severe spastic tone, when an
agonistic muscle is in constant tone and needs tempering via the antagonistic muscle. Such
removal of agonistic and antagonistic muscular struggles would allow stroke survivors greater
ease of movement and improved quality of life (Reed, 1989). Therefore, the use of strategies
often employed with infants and children, based in the dynamic systems theory, might facilitate
recovery from stroke, even in the chronic phase of recovery. Hence, the strategies were used to
design one of the interventions used in this research.
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Assessment Tools
Fortunately, there are a number of assessment tools that permit researchers and therapists
to track the progress of individuals undergoing stroke rehabilitation. Through use of such tests,
researchers and clinicians can determine not only the efficacy of the treatment, but also the
effectiveness of the treatment upon a stroke victim’s overall quality of life.
•

The Fugl-Meyer Assessment (FMA) is a stroke-specific, performance-based
assessment. It is designed to assess motor function, balance, sensation, and joint
function in stroke patients with hemiplegia, and widely considered one of the
most accurate and reliable tests in stroke research (Gladstone, Danells, & Black,
2009; Hsieh et al., 2007; Oliveira, Cacho, & Borges, 2006; Lin et al., 2004).

•

The Berg Balance Test, also called the Berg Balance Scale, is a 14-item test
designed to measure balance among elderly patients with impairment in balance
function. The test assesses a variety of activities of daily living by assessing the
performance of functional tasks, and widely used to assess the effectiveness of
interventions designed to improve activities of daily living. In general, an
increased change of 8 out of 56 points is considered a significant change in
function. Increases in daily function correlate to increases in self reliance and
quality of life (American Academy of Health and Fitness, 2010).

•

The Barthel Index uses ten weighted items to measure independence and activities
of daily living, such as feeding, bathing, grooming, dressing, and bowel control.
The Barthel Index has been extensively studied and is widely used in a variety of
clinical and research settings to measure independence among those suffering
from stroke and other neurological issues (Herndon, 2006). The Barthel Index is
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widely used in stroke research as a means of determining the ability of an
intervention to improve overall quality of life amongst stroke survivors (Dhamoon
et al., 2011).
•

The Stroke Specific Quality of Life Scale (SSQLS) specifically measures the
quality of life of those who have suffered a stroke. The test has been repeatedly
validated and found to be reliable, and is used in research and clinical settings. It
is recognized by the American Stroke Association as a valuable assessment tool.
The SSQLS defines and measures quality of life across a spectrum of 12 areas,
including energy, language, mood, mobility, self care, thinking, and productivity
(Lin, Fu, Wu, & Hsieh, 2011).

•

Modified Mini Mental State (3MS) Test is a test specifically designed to give a
rapid assessment of a subject’s cognitive impairments or lack thereof (Cullen,
O’Neill, Evans, Coen & Lawlor, 2007). According to its creator, the 3MS is
designed to enhance the usefulness of previous tests and screen for more than
base dementia (Teng & Chui, 1996).

Standard assessment tools, such as those mentioned, are used by both practitioners
and researchers to ensure correct tracking and the valid and reliable measurement of the
improvements seen in those recovering from stroke. The variety and breadth of the
assessments allows for the understanding of recovery across a broad spectrum of areas,
including physical, emotional, and social recovery (Dhamoon et al., 2011, Gladstone,
Danells, & Black, 2009; Hsieh et al., 2007; Oliveira, Cacho, & Borges, 2006; Lin et al.,
2004).
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Purpose
The purpose of this study was to use traditional therapy techniques and exercise
techniques in conjunction with newer approaches based on motor development strategies and
neural-adaptation techniques for children, to reintegrate brain and muscle control in chronicphase stroke patients. Specifically, the combined intervention emphasized core stability and
proprioception, as well as sitting and standing balance, gait development, and postural alignment.
Secondary emphases included ocular dependency, vertigo, swallowing reflex, sensory
integration, and patient independence.
Hypothesis
A group of individuals at least four-years post-stroke should show significant
improvement after a six-month intervention consisting of resistance exercise combined with
neural-development activities, including a new mode of stability and proprioception training that
is based upon motor development strategies traditionally used with children, when compared
with groups using only one of the proposed approaches. Participants in each intervention worked
with the principle investigator for two one-hour sessions each week, during the six-month
intervention period.
Significance of the study
With increases in stroke survival rate, there is a correlative increase in the cost of
healthcare associated with those survivors. That cost, at current rates of recovery and with
current treatment options, is expected to top $2.2 trillion by 2050 (Brown et al., 2006).
Conversely, as the quality of life for stroke survivors is improved, the ongoing cost of care, both
in the home and in clinic, is reduced. If this study’s hypothesis is supported, as their long-term
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rehabilitation increases, chronic-phase stroke victims could be more likely to enjoy better
function and better self-reliance, thus decreasing their care costs and increasing their quality of
life. In addition, those who are home cared by either familial caregivers or state-funded
caregivers could be able to achieve greater independence, thus reducing state care costs and
freeing familial caregivers to return to or enter the workforce. Finally, the participant could see
an increase in quality of life and return to activities of daily living.
Study of an intervention in the chronic phase of recovery is particularly important, as
there are currently few options for continued training of stroke sufferers after initial treatment. A
prevailing belief is that motor recovery decreases after the initial six months of treatments
(MacLellan et al., 2005).
Three groups of participants in this study were cross-graded to see if any one form of
rehabilitative exercises was better than the others. If the hypothesis of this study holds true, the
combined set of interventions was expected to yield significantly higher improvements than
either of the other two interventions alone. Further, if this hypothesis is supported, an
intervention yielding significant improvements in mobility, balance, and quality of life, through
re-attainment of personal independence, would be shown as valuable for implementation in
routine stroke recovery.
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Definitions
Types of Stroke
One type of stroke, infarct, is defined as a loss of brain function caused by disruption of
the blood supply to the brain, usually leading to permanent sensory, motor, or cognitive deficit
(Bear, Connors, & Paradiso, 2007). The other type of stroke, hemorrhagic, refers to bleeding into
the brain. According to the NIH, in stroke, “Brain cells die when they no longer receive oxygen
and nutrients from the blood or there is sudden bleeding into or around the brain. The symptoms
of a stroke include sudden numbness or weakness, especially on one side of the body; sudden
confusion or trouble speaking or understanding speech; sudden trouble seeing in one or both
eyes; sudden trouble with walking, dizziness, or loss of balance or coordination” (NINDS, 2010).
A hemorrhagic stroke is the result of weakened blood vessels rupturing and bleeding into
the brain or subarachnoid spaces. Hemorrhagic strokes account for approximately 13% of all
strokes (NINDS, 2010).
Arteriovenous malformations, or AVMs, are defects of the circulatory system that arise
during embryonic or fetal development, or soon after birth, and it is possible for an AVM to
rupture, causing a hemmorhagic stroke. Since AVMs can develop in many different sites, an
AVM’s location in the brain can have especially widespread effects on the body. Most AVMs
are relatively harmless, but for about 12% of the affected population (about 36,000 of the
estimated 300,000 Americans with AVMs), these abnormalities can cause seizures, headaches,
muscle weakness or paralysis, loss of coordination, difficulties carrying out tasks that require
planning, dizziness, visual disturbances, problems using or understanding language, abnormal
sensations (such as numbness, tingling, or spontaneous pain), memory deficits, mental
confusion, hallucinations, or dementia (NINDS, 2009).
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Ischemic strokes occur when oxygen to the brain is cut off, usually the result of a blood
clot. Clots can either form in the cerebral vessels themselves or can break off from another part
of the body and travel to the brain, resulting in loss of oxygen flow to brain tissue. Ischemic
stroke is the most common form of stroke. According to the American Stroke Association,
ischemic strokes account for 87% of all strokes (NINDS, 2010).
Chronic Phase of Stroke Recovery
For the purposes of this study, the chronic phase of stroke was defined as occurring in a
subject who is more than four years post-stroke and at least one year past the cessation of acute
rehabilitation therapy. This definition was chosen because previous studies showed recovery
through the fourth year post stroke (Dhamoon et al., 2011; Luft et al., 2004), which reinforced
the use of the above definition.
Proprioception
Proprioception is generally described as the body’s innate awareness of itself. Coming
from the Latin “proprius,” meaning one’s self or one’s own, and “perception” or feeling, it is,
therefore, the feeling of one’s own self. However, proprioception extends far beyond the simple
understanding of ourselves in space. Proprioceptors, the nerve receptors used for proprioception,
are involved in balance, strength, spatial awareness, speech, and our connectedness to ourselves
(Bear et al., 2007; Hall, S., 2007; Sacks, 2006; Hoffman, S., 2005; Kandel et al., 2000).
In a collection of case studies, Sacks discusses cases wherein patients lost proprioception,
and refer to themselves as disembodied, or unable to recognize their own limbs. It is this level of
proprioception, the ability to recognize, feel, and coordinate our bodies’ actions in space, that
was important to this study.
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Balance
For purposes of this study, balance was defined as a subject’s ability to sit or stand
without aid, progressing from free sitting – sitting without aid, to free-standing – standing
without aid, to single-leg standing (Hall, S., 2007; Kaminsky, L.; 2006, Hoffman, S., 2005;
Kandel et al., 2000).
Core Stability
Core stability was defined in this study as the ability of a subject to use core muscles –
abdominal, spinal, hip, and glutes to control sitting and standing posture and stability (Hall, S.,
2007; Kaminsky, L., 2006; Reed, E., 1989; Woollacott, M., 1989)
Summary
With medical advancements allowing stroke patients to survive increasingly severe
strokes, and survivors of stroke living longer, there is increasing need for new methods of
helping those in the chronic phase of stroke improve their quality of life. Currently, traditional
interventions do not exist for this phase of recovery and the ever-growing group of survivors in
the chronic-phase of recovery. The result is a lack of information on ways of treating those who
are in long-term stroke recovery. This study sought to determine if a new method for helping
those in this long-term phase could help stroke survivors recover more of their mobility and
independence, thus increasing their overall quality of life. While the end result may help society
in terms of financial costs of recovery and treatment, the long-term outcome of this research was
to determine whether improvement associated with interventions could continue into the chronic
phase, and aid the humanitarian aspect of recovery and the societal reintegration of persons with
chronic physical limitations due to stroke.
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CHAPTER II
REVIEW OF LITERATURE
The purpose of this study was to investigate the potential benefits of a chronic-phase of
stroke exercise intervention program using a new therapeutic approach using traditional
therapeutic techniques and resistance exercise techniques in conjunction with current
developmental learning strategies and neural-adaptation techniques to reintegrate brain and
muscle control in chronic-phase stroke patients. It was the hypothesis that a group of individuals
at least four-years post-stroke would show significant improvement in all areas measured after a
six-month exercise and neural-development program including a new mode of stability and
proprioception training based upon developmental strategies.
The literature review for this study involved identification of related research and similar
studies. The literature is reviewed under the headings of Neural Recovery, Testing and
Assessment Tools, Gait and Balance Recovery, Rehabilitation Styles, and Balance and
Proprioception.
One of the most comprehensive studies done on stroke rehabilitative methods was
completed in November, 2008 at the McMasters University Evidence-Based Practice Center, at
the request of the Agency for Healthcare Research and Quality. The meta analysis investigated
1,674 studies performed from January, 2000 through January, 2008, addressing various forms of
stroke rehabilitation as well as the measurement tools typically used in stroke recovery (Oremus,
Santaguida, Walker, & Wishart, 2008).
Among other findings, this meta-analysis suggested single, randomized studies, such as
this one, can be among the strongest evidence-based studies that are less prone to bias (Oremus
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et al., 2008). Such results include single subject research designs, such as the one used for this
study, in which participants serve as their own control.
Neural Recovery
Recovery after a stroke is partially reliant upon the brain’s ability to reorganize circuitry
within the brain, thereby allowing undamaged areas of the brain to increase function. This
recovery-related plasticity is affected by rehabilitative motor training which engages new areas
of the brain including cortex and deep brain nuclei (Luft, 2011). This finding is key as accuracy
of recovery prediction should take into account the motor system’s capacity for functional
reorganization in response to physical therapy (Stinear, 2010).
During the development of the human nervous systems, neurons project into various
areas of the brain in well known patterns of innervation. Activity-dependent trophic feedback
mediates this growth (Godfrey, Eglen, & Swindale, 2009). It is known that reorganization of
brain function can occur post-stroke. There is also evidence that secondary motor areas have the
ability to take over and control movement when primary movement areas are damaged
(Kokotilo, Eng, & Boyd, 2009). Reorganization of central motor networks includes recruitment
of secondary motor cortices or somatosensory cortices in the undamaged hemisphere (Luft et al.,
2004). This is important, as knowing the brain has the potential to recover and reorganize is a
prime aspect of this current research and lends greater potential to increased recovery and
regaining of activities of daily living (ADLs) and independence.
A study published in 2011 by Globas et al. found an increase in neural deterioration long
after the initial recovery phase. In particular, as the neural degeneration closes in on the central
nervous system it can take months or even years before the full effects are felt (Globus et al.).
The implication of which means there is potential for the effects of a stroke to be felt years after
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the initial insult if long-term treatment is not implemented. Globus et al. wrote that preventing
this decline is an important therapeutic target. That therapeutic target is one this study can
address.
Research done on training that used the non-affected side to help reintegrate movement
on the paretic side, bilateral arm activation, has shown potential to improve paretic movement
patterns (Harris-Love, Walley & Whittall, 2005). That potential was shown through the use of
interlimb coupling, a fundamental aspect of the nueromotor system’s organization. Although the
findings of this study were promising for short-term recovery, the results were inconclusive as to
the long-term effects of such exercise and the authors suggested further study (Harris-Love et.
al., 2005). Also, subcortical stroke patients showed homology in activity patterns between paretic
and non-paretic movement (Luft et al., 2004). For this reason, these studies are of special interest
for this research project which looked at the chronic phase of recovery.
Currently there is no consensus regarding the definitions of stroke recovery – including
acute vs. chronic – however it is well documented that spontaneous motor recovery occurs in the
early time periods following stroke. Despite this front-loading of recovery, there is strong
evidence that neuroplasticity of the brain continues to respond to movement well past the
traditional recovery timelines (Oremus et al., 2008). A 2004 fMRI study performed at the
Department of Neurology in Toulouse, France, showed cerebral reorganization and neural
recovery up to 1 year post-stroke (Tombari et al, 2004). This study named this type of recovery
a “late compensatory network” that resulted in changes in brain processing even after deficits
were clinically stable. The authors suggest this network could continue past the one-year mark in
which their study took place.
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In their study, Luft et al., 2004 showed activation patterns changing up to four-years poststroke. Based on those findings, this study defined the chronic phase of stroke as four years or
more since impairment, thus picking up where the previous study ended. The intent was to
investigate if changes can continue for a longer period of time, even if there were no previous
interventions during the preceding three years. Such advances would be beneficial to stroke
survivors and their ability to regain ADLs.
In a 2000 study, experiments showed functional gains and neural plasticity can occur well
after spontaneous recovery is suspected to end (Whitall, McCombe-Waller, Silver, & Macko,
2000). Using compensatory mechanisms of nonparetic arms, the research team determined that
intensive training unmasks dormant neural pathways. This type of improvement was especially
true in simultaneous and alternating bilateral movements.
Gait and Balance Recovery
Geurts, Haart, van Nes, and Duysens (2005) performed a review of standing balance
recovery from stroke. Noting impaired postural control has the greatest impact upon activities of
daily living; Geurts et al. said “postural control is the best predictor of achieving independent
living and shows the highest correlation with person-perceived disability after discharge from
rehabilitation” (p. 268). However, since there is no general physiotherapy approach that has been
proven superior for promoting balance recovery from stroke, Geurts et al. undertook the task of
finding what they called the optimal understanding of the potential mechanisms underlying
natural balance recovery and compensatory mechanisms.
Also, gait is an indication of overall morbidity amongst stroke patients as the lack of
activity and deconditioning increase the subject’s risk for cardiovascular disease and increases
disability (Luft et al., 2008). The same lack of mobility also results in declining neuromuscular
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functioning creating a “vicious cycle” in which immobility results in deconditioning, sarcopenia
and metabolic issues which then increase immobility (Luft et al., 2008, p. 3349).
When discussing unperturbed stance, Geurts et al., 2005 noted that the ability to maintain
a two-legged standing position is necessary for independent living. While standing is a relatively
simple task for healthy individuals, standing may be quite an achievement for individuals poststroke. Their study also noted an increase in spontaneous postural sway, particularly in the
frontal plane. They attributed this to stabilizing movements of force originating in the ankle.
They found the use of an ankle orthotic – particularly anterior supports – increased the maximum
weight loaded on the paretic leg. Also, Luft et al., noted brain activity patterns in stroke survivors
differed from healthy individuals and postulated gait recovery as a means of normalizing neural
activity (Luft et al., 2008).
One of the more effective rehabilitative techniques described by Geurts et al. was a
progression from standing, to sit-to-stand transfers, to lateral and weight shifting, and finally to
stepping in place. This is the same process that will be used in this current research to ensure a
smooth learning transition for the participants. Since there is a progression to the phases of
balance and gait, this allows participants of any ability to enter the study at their current level and
then measurably progress. A necessary component of this is the ability to voluntarily displace
weight. The ability to generate and control force is a central part of life. Control of force is
required for most daily tasks, from picking up a cup to walking (Kokotilo et al., 2009).
The capacity to voluntarily transfer body weight, while maintaining standing balance
over a fixed base of support, is a prerequisite for safe mobility (Geurts et al., 2005). Thus, it is
logical to work toward improving this area to increase a stroke survivor’s quality of life. Geurts
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et al. found that cross-sectional studies of stroke patients, compared with age-matched healthy
patients, showed:
1. Multidirectional impaired maximal weight shifting during standing.
2. Slow speed, directional imprecision.
3. Bilateral impaired transitions due to insufficient hip muscle recruitment.
4. Abnormal loading asymmetry as well as reduced kinetic energy and rising speed.
Finally, Geurts et al. noted that patients in the chronic phase of stroke (in their study
defined as more than 6 months post-stroke) tended to rely heavily upon visual information for
their postural control when compared to age-matched individuals. Reliance upon visual cues
instead of innate or learned proprioception increased the difficulty of integrating somato-sensory
information among stroke patients during rehabilitation. It is interesting to note that infants
progress from a reliance on visual cues to increase use of proprioception in balancing.
Marigold and Eng (2005) also noted increased visual reliance in stroke patients.
Specifically, Marigold and Eng noted discrepancies between the center of mass (COM) and the
center of pressure (COP) resulting in increased postural sway. That result was significant
because increased postural sway has also been shown to correlate with falls in individuals with
stroke. They suggested this disturbed postural control is an underlying cause of the large number
of falls experienced by post-stroke patients. It is logical that a decrease in falls, and their
subsequent injuries, would translate as an improvement in a stroke survivor’s quality of life.
Marigold and Eng noted that proprioceptive deficits are common in stroke patients,
leading them to find compensatory mechanisms, such as ocular reliance. However even healthy
individuals show increased sway when vision is removed. Such need for ocular validation of
positioning is impaired in stroke patients, a situation which Marigold and Eng suggested is
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responsible for the high number of falls among stroke victims. They further suggested the need
for ocular validation requires programming in which participants can learn to compensate for
altered sensory information. Avoiding falls would increase both the quality and quantity of life
afforded to survivors of stroke.
The researchers recruited 28 individuals at least one-year post-stroke that had
hemiparesis due to stroke, and 28 healthy, age-matched control subjects. They used the Berg
Balance Scale for measurement of balance and postural sway, specifically because it includes
measurements of both eyes-open and eyes-closed balance and sway. Marigold and Eng reported
that individuals with stroke may use visual information more extensively in the medial-lateral
control of postural sway than healthy older adults. They noted that integration of sensory cues
contributes to the postural scheme created by the central nervous system, and in stroke patients
this information may be altered. In addition, lower extremity muscle strength, also necessary for
postural control, is compromised in stroke patients. Finally, Marigold and Eng wrote “it is
important to note that regardless of the Asymmetry Index, individuals with stroke have greater
visual dependence for the control of ML sway than healthy older adults” (Marigold, & Eng,
2005, p. 254).
In a 2006 study, Peurala, Kononen, Pitkanen, Sivenius, and Tarka also noted increased
postural instability in stroke patients. Particularly, they broke postural sway into two categories
of static and dynamic balance, and noted that pelvic sway was larger than leg sway, meaning the
pelvis moved more than the legs when a participant attempted to remain standing. They recruited
45 post-stroke patients and healthy age-matched controls and measured postural control and
balance using the Good Balance force plate system.
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Peurala et al. noted that because the control of the trunk is likely mediated bilaterally
from both hemispheres, the difference in the trunk displacement between the left and right
hemiparetic patients suggested that the left hemisphere plays a greater role than the right one in
the control of complex coordination.
In terms of recovery of activities of daily living, a 2004 study was conducted by Duong,
Englander, Wright, Cifu, Greenwald, and Brown. The team noted that stroke patients are
admitted to rehabilitation programs specifically with the intention of achieving goals in transfers,
ambulation, dressing, grooming, and toileting skills. They noted a critical element of
rehabilitation was the attainment of sitting and standing balance. Impaired sitting balance affects
a large number of activities of daily living including feeding, dressing, bathing, transfers and
wheelchair mobility.
Duong et al. noted that, after age, the degree of sitting balance impairment at admission
to a rehabilitation center was the second most powerful predictor of discharge recovery. In the
same study, they noted that a midline shift greater than 5mm while seated was highly correlated
with the need for assistance in daily living. Duong et al. reviewed 2,363 cases from the
Traumatic Brain Injury Model Systems Database. The result of their analysis showed that after
TBI, persistent weakness of the upper and lower extremities, impaired swallowing, and abnormal
sitting and standing balance at the time of admission to inpatient rehabilitation were all
associated with the need for increased assistance at rehabilitation discharge and at 1 year post
injury (Duong et al., 2005).
Testing and Assessment Tools
The Fugl-Meyer scale was developed in 1975 with the specific intent of creating a
suitable assessment and reassessment scale for stroke patients. In a 2002 study, Gladstone,
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Danells, and Black called the Fugl-Meyer Assessment the most comprehensive measure of motor
impairment in stroke patients. Gladstone et al. realized it was necessary to review the protocol of
the test for sensibility, reliability, validity and responsiveness. They performed a critical review
of the measurement properties used for assessment in the Fugl-Meyer test.
The 226-point Fugl-Meyer scale consists of Likert-type questions divided into five
domains: motor function, sensory function, balance, joint range of movement and joint pain.
Each is scored on a three-point scale of: 0 = cannot perform, 1 = performs partially, and 2 =
performs fully. The scale is designed primarily for patients with hemiparesis, which affects
approximately 80% of stroke patients (Gladstone et al., 2002). In their report, Gladstone et al.
reported that the ability to measure attributes in a reproducible and consistent manner is a
necessary requirement of a valid and responsible measurement instrument. They found there was
good intra-rater and inter-rater reliability with the Fugl-Meyer scale. Pearson correlation
coefficients were 0.98-0.99. They further reported good evidence from several validation studies
that the Fugl-Meyer scale measures what it is intended to measure, r=0.75.
Noting that it is extremely difficult to measure a patient’s recovery from stroke due to the
“tremendous individual variability in the rate and degree” of recovery, Gladstone et al.
commented on the Fugl-Meyer scale as having “particular value in clinical trials designed to
evaluate changes in motor impairment following stroke” (p. 234, 239).
In agreement with Gladstone et al. was a study conducted by O’Connell, Galvin,
Varghese, Lamson, and Stokes in 2002. The team analyzed the inter-rater reliability of the FuglMeyer scale and noted it demonstrated inter-rater reliability. Using weighted Kappa scores from
0 to 1, O’Connell et al. found the inter-rater reliability to range from 0.840 to 0.957. O’Connell
et al. suggested, however, that to optimize reliability a level of training and familiarization
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should take place so that all users agree on the instructions and interpretation of scores to be
applied for any specific study.
Hsieh, Hsueh, Chou, Sheu, Hsieh, and Kwakkel (2007), created a short form of the FuglMeyer test noting that while the Fugl-Meyer motor scale is widely used in clinical trials to
quantify motor deficits after stroke, it has rarely been used in clinics because of its lengthy
administration time (Hsieh et al., 2007). They thought the administration of the test placed a
burden on patients with endurance problems.
Hsieh et al. recruited 279 Taiwanese patients to examine the use of a 12-item short form
of the Fugl-Meyer scale. The test was administered to the patients at 14, 30, 90, and 180 days
after stroke. Hsieh et al. reported the short form showed equivalent reliability and validity, based
on coefficients > 0.95, and suggested its use to perform routine assessments on patients with low
endurance (Hsieh et al., 2007). There is currently no correlative study of the short form for
Western populations.
Oliveira, Cacho, and Borges (2006) suggested the Fugl-Meyer, while good, was not a
complete assessment tool in and of itself. They suggested a combination of tests including the
Fugl-Meyer, Berg balance scale, and Barthel index. Oliveira et al. recruited 20 subjects in the
chronic phase of stroke, defined in their study as those more than 6-months post-stroke, and
administered the various tests with the expressed intent of looking for correlation between the
tests. Their study suggested the tests should be used in conjunction with each other to ensure the
best possible view of the patient as a whole.
“The utilization of both quantitative and qualitative scales has been occupying more
space in rehabilitation programs, although little is known about its effectiveness, since there are
only a few studies concerned with correlating evaluations with the neural recovery process”
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(Oliveira, Cacho, & Borges, 2006, p. 733). The study team noted that the Berg balance scale and
Barthel Index are both valuable qualitative and quantitative instruments, which can be used to
predict the recovery prognosis of stroke patients.
Oliveira et al. also reported a strong correlation between motor impairment and
functional abilities, r=0.597. They confirmed a previously documented relationship between
balance and locomotion, and that the automatic postural responses that contribute to both
standing and sitting stability are directly involved with coordinated and regulated movement of
the trunk and limbs. This led them to evaluate the functionality scales and Oliveira et al. noted
“the functional rehabilitation cannot be differentiated from compensatory strategies based only
on functional measures, but rather through ordinal balance scales such as the Berg Balance Scale,
and from sensory-motor performance measures such as that of the Fugl-Meyer” (Oliveira,
Cacho, & Borges, 2006, pp735). They concluded that quantitative and qualitative measuring
scales are good instruments for post-stroke patient evaluation.
The Stroke-Specific Quality of Life scale has also been shown to be valid, reliable and
the most comprehensive scale of its type (Lin, Fu, Wu, & Hsieh, 2011). It has been shown to be
so accurate that statistically significant improvement can be shown even outside the scale’s
parameters (Lin, Fu, Wu, & Hsieh, 2011).
In summary, all of these studies show the validity and reliability of the various tests
chosen for this study. As stated in the literature, a cross section of measurements tends to work
best, hence this study’s choice of multiple measures. These measures gave the researcher a
complete picture of the abilities, life skills, and quality of life of each study participant to best
determine the effectiveness and efficacy of the intervention.
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Stroke recovery studies of use measure cognitive functioning of the participants. Medical
records are utilized for this purpose. In addition, the Modified Mini-Mental State Examination
(3MS) can be used. The 3MS has been shown to be reliable and valid for rapid testing of
cognitive impairment (Cullen, O’Neill, Evans, Coen, & Lawlor, 2007). In a meta analysis of
study data, Cullen et al. suggested the 3MS as one of the best tests to be used by community
groups and other organizations seeking an easy to use but valid test for rapid cognitive screening.
Balance and Proprioception
Blackburn, Guskiewicz, Petshauer, & Prentice (2000) studied the contributions of
proprioception and strength to balance and joint stability. The study included 32 healthy,
unimpaired volunteers who were free from head injury, dominant leg injury or vestibular defects.
Participants were 18 to 25 years old and were tested solely using their dominant leg. The
participants were randomly assigned to one of four groups for six-week exercise programs: a
non-training control, proprioceptive training group, strength training group, and a group utilizing
both proprioception and strength training. Several areas of balance were tested before and after
intervention and analyzed using a repeated measures analysis of variance. Static balance was
tested using a NeuroCom Smart Balance Master, semi-dynamic balance was tested with the
Biodex Stability System, and dynamic balance was tested using a version of the Bass Test of
Dynamic Balance.
Blackburn et al. (2000) found no improvement in static balance, but found significant
improvement in semi-dynamic and dynamic balance. Specifically, they concluded that
proprioception is equally effective as strength training for ankle stabilization and suggested that
both types of training should be used for strengthening and stabilizing the ankle. They found that
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balance is a function of joint stability, but stronger muscle groups heighten the ability to sense
joint position.
Rose, Lee, Williams, Thomson, and Forsyth (2000) studied functional instability in noncontact ankle injuries. They recruited 37 participants with acute ankle injuries from the
University of Edinburg Fitness Assessment and Sport Injury Center. All participants had
sustained a first or second grade ankle injury and had no other lower-limb injury, no back or
neck injury, and no vestibular or balance problems. Participants were split into either an exercise
or control group and stability measurements were taken on day three, seven and 14 of the
participants’ recovery.
Rose et al. (2000) found significant improvement in participants who underwent at home
proprioceptive training. They found impaired proprioception after an acute ankle injury, but it
was unclear if this was due to deficiencies in the joint capsule, muscle stretch receptors, or both.
In a 2008 study, Fox, Mihalik, Blackburn, Battaglini, and Guskiewicz reported a decrease
in postural control after both anaerobic and aerobic exercises. Using 36 collegiate athletes, the
team tested the healthy subjects on the effects of exercise on postural control, using the Balance
Error Scoring System, a test routinely used on the sidelines in sporting events to measure balance
after a suspected mild brain injury.
They found that both anaerobic and aerobic exercise protocols adversely affected postural
control and that the effects of fatigue persisted for up to 13 minutes before postural control
returned to baseline (Fox et al., 2008). With this in mind, measurements of postural control
should not be made within 15 minutes of exercise to ensure fatigue is not influencing test
outcomes.
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Developmental Practices and Motor Teaching
New advances have been made in the understanding of skill acquisition and rehabilitation
(McCabe, 2010). Of particular interest to this study is the concept of prepractice, which is
defined as the introduction of new skills as well as the practice period required to embed the skill
as habitual. It has been shown to create a habitual movement, instead of repetitive practice of the
same skill in the same way, various types of practice that involve the same skill set are required
for a much longer period of time than previously thought. Those findings are particularly
connected to this research project in terms of neural plasticity and the use of mirror neurons.
Plasticity, when mixed with mirror neuron use, provides new insights into interventions
and means of both learning and rehabilitation (McCabe, 2010). In her 2010 study, Patricia
McCabe reported the use of detailed imaging and visualization of movement, thus activating
mirror neurons, to improve motor performance in post-stroke participants. This finding is later
enhanced in a 2011 study when Whitall et al. showed that using motor learning principles such
as repetition, feedback, and goal setting resulted in brain activation.
Creation of fundamental movement skills through habitualized movement has been
shown in preschool children (Fisher et al., 2005).
In a paper designed to look at definitions of motor development and what is considered
developmentally appropriate, Barrett and Williams, 1992 define development as changes that
occur across time and the underlying causes of such changes. They further state there are
pathways for motor developmental learning and while some children can be more or less
developmentally advanced in their motor learning skills, any child can continue to learn motor
skills and become proficient in those skills. This movement, they said, plays a key role in a
young child’s development and growth.
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Of particular interest to this project is the concept that any child, regardless of placement
within the normal learning progression, is ready to learn (Barrett & Williams, 1992). With this in
mind, Barrett and Williams suggest curriculum is not set but must be changed to fit each
individual. This means the observer must dismiss the notion of a model based on errors in
movement and instead focus on the development of existing skill sets. Barrett & Williams
describe errors as movements that differ from the expected adult template. Stroke patients, like
the children described, are moving in ways that differ from the adult template.
This current study was built on literature suggesting that interventions used for children
who do not meet the adult template can be used with stroke victims. For stroke victims, this
means a use of their current movement to encourage and advance sequential new movements and
growth in the same way we would a child, thus increasing abilities and quality of life. That is,
rehabilitation is built on the existing skill set of a patient.
In 2002, Hamilton, Pankey, and Kinnunen investigated Newell’s Model of Constraints in
an attempt to find a clearly defined process of teaching motor learning. Newell’s constraint
model suggests motor skills arise from the interaction of three constraints, environmental,
individual, and task. They suggest the educator becomes a manipulator of the first and tertiary
constraints, thus creating a readiness for change that might not otherwise exist. The educator
works only with the first and tertiary constraints, as they are unable to affect many individual
constraints such as age or height, in the short term.
Newell’s model provides a framework from which the instructor can create adaptive
programs to suit the needs of each student that is built upon the existing skill set (Hamilton et al.,
2002). This use of readiness, and varying degrees of readiness, should translate well into the
readiness of a stroke victim to learn new skills and reacquire older skills.
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Summary
With stroke patients surviving more aggressive strokes and living longer lives poststroke, the need for treatment programs in the chronic phase of stroke is increasing. The tools for
this already exist – current therapeutics and measurement tools – but not all current therapies are
effective for chronic-phase stroke patients. Current research shows us there is a strong
correlation between balance, gait, and overall recovery, but the research is inconclusive as to
what are the best methods for improving these areas.
Developmental practices for motor learning are designed to teach areas such as
proprioception, muscle control, gait, and spatial awareness, all areas that current stroke
rehabilitation research show to be vital in stroke recovery. However, to date, nobody is using
these same techniques to rehabilitate stroke patients. According to the Center of Developmental
Pediatric Therapies, an infant engaged in crawling and creeping experiences the two hemispheres
of the brain communicating with each other (http://www.developmentaldelay.net/page.cfm/270).
This cross-mid-line communication is vital for gait and balance control. The same report notes
that midline-crossing skill games, such as Patty Cake, encourage this cross integration and
neurodevelopment.
Whitall et al., 2000 noted bilateral and cross-hemisphere training resulted in
improvements long after recovery would be expected. In their study on bilateral arm training,
Whitall et al., noted improvement in several key measurements of impairment and functional
ability. The experiments suggested a strong neurophysical link in the central nervous system
explaining how bilateral movements benefit motor learning. Similar gains were seen in another
bilateral movement study focusing on those in the chronic phase of stroke (Luft et al., 2004).
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Using developmental techniques to improve midline-crossing skills and proprioception
should have a cascading effect upon the nervous system. This should aid in stability control and
balance, thus leading to standing balance and gait control. This could then lead to greater longterm recovery and overall neuromuscular development, and improved quality of life.
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CHAPTER III
METHODS
The goal of this research was to investigate the benefits of an intervention program for
chronic-phase stroke patients using a new therapeutic approach and time line. The approach used
developmental learning strategies as an augmentation to traditional stroke rehabilitation
therapies. Specifically, these strategies were implemented when traditional therapies had been
discontinued or had failed. As stroke victims revert to earlier developmental movement stages
due to the insult to brain tissue, these developmental strategies were hypothesized to be able to
pick up at the appropriate stage to begin therapy.
It was the investigator’s hypothesis that individuals at least four-years post-stroke would
improve in all areas measured over the course of the interventions. Further, it was hypothesized
that individuals receiving the combined intervention would improve more than those receiving
the single interventions. Both performance and quality of life, including quality of life for
caregivers, were observed.
Participants took part in a six-month intervention for which they were randomly placed
into one of three intervention programs. Each program contained three participants, in
anticipation that one of the three was likely to leave the study due to standard study morbidity.
Indeed this proved true as one participant from each group failed to complete the study.
After completing the interventions, the participants’ results were compared to suggest
which intervention was most effective. The interventions were:
1. Resistance training
2. Neurodevelopmental exercises, incorporating the developmental learning strategies
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3. Resistance training combined with neurodevelopmental exercises
The participants were each measured twice using each of the measurements before the
intervention began to establish a baseline, and then measured again every 6 weeks. This provided
two baseline measurements, three intervention measurements, and one post-study measurement
point, giving a total of six measurements to compare for growth and stability.
Participants worked directly with the investigator twice per week, usually individually
but never with more than two participants at a time. If participants were paired it was always
with the participants taking part in the identical intervention procedures. Each session lasted for
one hour and was conducted in a hospital-attached, licensed, physical therapy setting. The Center
for Orthopedic and Neurosciences at Memorial Hospital, in Belleville, IL, offered the use of its
physical therapy department for this study. For safety, all facilities had automatic external
defibrillators (AEDs) and the primary researcher was certified in the use of this equipment.
During exercise sessions, the staff of each facility was made aware of the participants taking part
in the intervention and any special needs they may have had.
Some photographic and digital recordings were made of exercises and treatment
interventions. The individual participants who volunteered to be recorded approved use of these
images and recordings, and no images or recordings were made without the expressed consent of
the participant.
Participants
Direct observation participants were gathered on a volunteer basis and sought at local
hospitals and rehabilitation centers, including Volunteers for Health, Saint Louis University
Hospital, Mid-America Stroke Network Team, Memorial Hospital, and Anderson Hospital. Most
participants were referred through prior physical and occupational therapists. Participants were
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older than 18 years of age, at least four years post-stroke and had minimal cognitive impact from
their strokes, as reported in their medical records. Participants were administered the Modified
Mini-Mental State (3MS) Test as an initial screening tool to ensure a cognitive ability to take
part in this study. Potential participants were disqualified from participation if they had more
than two strokes during the past four years or they had other neurological involvements including
diabetic neuropathy, essential tremor, or Parkinson’s disease. Participants accepted for the study
had no clinically significant causes for reduced mobility, such as disabling arthritis,
musculoskeletal disease, or cardio-respiratory disease. In addition, participants were not
undergoing any physical therapy during the study. Participants had no history of moderate to
severe brain injury or repeated microtraumatic brain injury. Participants had no history of cancer,
aside from one participant who, per study protocols, was in remission for more than five years.
A total cohort of nine participants was recruited with the intention of keeping six or more
through the six-month trial intervention, anticipating attrition as noted earlier. Participants were
randomly separated into three protocol groups with three participants per group.
As expected, three participants, one from each protocol, did not complete the study.
Therefore, additional recruitment was not needed. One participant decided not to continue due to
travel difficulties. One participant decided not to continue, but did not supply a reason for that
decision. The third participant suffered a series of strokes approximately 10 weeks into the study
and subsequently passed away. The participant’s stroke recurrence was unrelated to study
interventions.
Participants signed a standard informed consent as approved and required by the
University of Missouri Saint Louis – Internal Review Board. Participants were also requested to
sign a release of medical records and have a physician release them for participation in the study.
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As previous studies have shown recovery up through the fourth year post stroke, this
study used a minimum time of four years post stroke as the definition for the chronic phase of
stroke (Dhamoon et al., 2011; Luft et al., 2004), thus assuring the present study extended what is
known about stroke recovery, as reported in the research literature.
In addition to the approval granted by the University of Missouri Saint-Louis’
Institutional Review Board, the intervention was approved by the Belleville Community
Institutional Review Board, approval number 0006.013, the IRB used by Memorial Hospital for
all research conducted at the hospital.
Table 3.1 shows a breakdown of the participants by gender, age, intervention, type of
stroke and years post stroke.
Table 3.1 –Participants gender, age, intervention, type of stroke and years post stroke
ID #
3105

M/F
M

DOB
11/17/71

Age
42

Intervention
Combined

3279
3286
3505
3482
3972

M
F
M
F
M

01/23/47
11/28/71
10/21/81
05/11/91
01/12/53

67
42
33
23
60

Combined
Neurodevelopment
Neurodevelopment
Resistance
Resistance

Type of Stroke
Hemorrhagic
Frontal, L Temporal
Ischemic - Left
Ischemic
AVM
Hemorrhagic
Ischemic (Right)

Years Since Stroke
16
5
5
17
6
4

Participant 3105 was a 42-year-old male who was 16 years post stroke. His stroke was
hemorrhagic, involving damage to both the frontal and temporal lobes on the left side of the
brain. He experienced right side hemiparesis in both arm and leg as well as decreased reflex
sensitivity. He was able to self ambulate at a slow pace. He experienced difficulty with
swallowing and ocular motor control and showed poor speech motor control. He had undergone
both physical and occupational therapy at the time of insult, and planned on future speech
therapy. He was randomly placed in the combined intervention group.
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Participant 3279 was a 67-year-old male who had a left-side ischemic stroke five years
earlier. He experienced complete loss of right-side motor control with hemiparesis to both arm
and leg. He required a wheelchair and aid in transferring. He also showed poor motor control of
the head and trunk and had almost complete loss of speech. He had undergone minimal physical
therapy after insult, with occupational therapists focusing primarily on speech and activities of
daily living. He was randomly placed in the combined intervention group.
Participant 3286 was a 42-year-old female who was five years post-ischemic stroke.
Stroke insult occurred to the left parietal lobe. She experienced hemiparesis on the right side of
the body with minimal ambulation and no grasping or reaching ability. She showed little effect
on speech, but she had memory retention difficulties. For example, she could not remember days
of the week without counting them off. She received complete physical and occupational therapy
at the time of insult and continued occupational therapy at the termination of this research. She
was randomly placed in the neurodevelopmental group.
Participant 3505 was also randomly placed in the neurodevelopmental group, although it
should be noted he was part of a pilot study in 2005, eight years prior to the start of this study,
having undergone the combined intervention at that time with significant results. Participant
3505 was a 33-year-old male who was 17 years post stroke. He had an AVM stroke that affected
both left and right sides of his brain, with the primary insult to the right temporal and occipital
lobes. He experienced uncontrolled muscular contractions as well as spastic muscular movement
throughout the body. He showed significant ocular dependency as well as low proprioception.
He was able to self ambulate with the use of a walker, and had grasping ability in both hands. He
could stand unassisted, but only with his walker within grasping range. He was unable to reach
above his head without reflexively bending his knees and falling.
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Participant 3482 was a 23-year-old female recovering from a left-hemisphere
hemorrhagic stroke six years prior. She experienced right-side hemiparesis and was able to
ambulate without aid. She experienced difficulties grasping and speaking. At the time of insult
she received standard therapeutic care both physical and occupational. She was randomly placed
in the resistance-training group.
Participant 3972 was a 60-year-old male who was four years post-ischemic stroke. His
stroke was in the right hemisphere resulting in left hemiparesis. He could ambulate with the aid
of a quad cane and had no use of his left arm, either reaching or grasping. At the time of stroke
he received both physical and occupational therapy. He was randomly placed in the resistancetraining group.
Measures
Several measurements were taken using the approved tools suggested by the review of
literature. All measures were taken by a senior therapist at Memorial Hospital, a non-studyaffiliated, licensed physical therapist, thus supplying a blind assessment of all participants. The
physical therapist was unaware which participants were in which intervention groups, and the
therapist’s test results were not given to the investigator until after all participants had completed
the study, thus adding to the blind nature of the study.
A brief medical history was taken including an outline of the type of stroke suffered, the
primary sections of the brain affected, and any ongoing issues of concern to the participants and
their caregivers. This information was retrieved using interviews with participants and
caregivers, and utilizing existing medical records. The interviews were given from one to three
weeks prior to the participant beginning study testing. All intervention measurements were taken
twice before the intervention to create a baseline, at eight and four weeks prior, and every six
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weeks during the intervention, resulting in six measures for each participant. The baseline
measures were also used to set a standard variation of scores over time, such as a one or two
point difference in the Berg Balance test.
During the course of the study, participants, their families, and caretakers noticed
anecdotal evidence of changes. They were asked to make notes of any such changes and to
provide them at the study’s completion. This anecdotal evidence was gathered once the
participant had completed the study and was added to the overall study data.
Measurements included the Fugl-Meyer test, Berg Balance Test, Barthel Index, and the
Stroke Specific Quality of Life Scale. The measurements were further grouped into two sets:
functionality, consisting of the Fugl-Meyer and Berg, and quality of life, consisting of the
Barthel and SSQOL. Initially, the Modified Mini-Mental State (3MS) Test was used to screen all
participants for cognitive capability to ensure their safety and understanding in taking part in this
study. Participants in interventions that included resistance training were also measured for
increases in both muscular strength and muscular endurance, using standard resistance training
machines found in physical therapy facilities including the leg press, knee flexion, knee
extension, calf press, bicep curl and triceps press.
The measures also included a resistance-training result based upon volume of training.
Volume of training is defined by the American College of Sport Medicine as the summation of
all exercise loads. An exercise load is defined by ACSM as the number of sets, multiplied by the
number of repetitions, multiplied by the weight.
A summary of the measures used appears in Table 3.2.

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

43

Table 3.2
Measurements and their schedule for administration
Test

Measurement

Premeasure 1
at - 8 weeks

Premeasure 2
at - 4 weeks

Weeks 6, 12,
18, and 24

Fugl-Meyer

Numeric Value

Motor 0-100

Motor 0-100

Motor 0-100

broken into 5

Sensation 0-24

Sensation 0-24

Sensation 0-24

sub sets

Balance 0-14

Balance 0-14

Balance 0-14

ROM 0-44

ROM 0-44

ROM 0-44

Joint Pain 0-44

Joint Pain 0-44

Joint Pain 0-44

Total 0-226

Total 0-226

Total 0-226

Berg Balance

Numerical Value

0-56

0-56

0-56

Barthel Index

Numerical Value

0-100

0-100

0-100

SPQOL

Numerical Value

45-245

45-245

45-245

Volume

Numeric Value

As recorded

As recorded

As recorded

Intervention Program Exercises
All participants, regardless of intervention, began each session with a 12 minute gentle
warm up using a NuStep cardiovascular exercise machine (figure 3.1). The NuStep integrates
contralateral movements of the arms and legs to provide active and passive cross integration of
all major muscle groups. Warm ups were used to ensure safety in all exercise programs and
provide passive stretching of the arms and legs. Floor exercises included passive and active
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stretching, especially stretching of agonist and antagonistic muscle sets. Cross crawling in a
supine position was used to begin muscular regeneration while adding cross-neural
communication through the midline.

Figure 3.1 - NuStep Exerciser

Sitting exercises were done in either an armless chair, or a stool with no support on any
side. Participants were constantly reminded to keep their posture straight and to keep their gaze
focused ahead in an attempt to limit visual dependency. Initially participants were seated in the
chair and worked on achieving a straight and stable posture. Once able to sit without sway, the
investigator lightly pushed participants forward, back, and to either side, causing a need to regain
posture and stabilize. This progressed to movement while seated, beginning with body-weight
and slowly adding either free weights or resistance bands.
While seated, the investigator and participant played cross-body-activity games, requiring
the participant to move out of alignment while remaining stable and then to cross the midline
with one hand or the other. This was theorized to have a similar proprioceptive gain effect as
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cross crawling but in a much more usable posture. Finally, the participants remained seated while
the investigator tossed or bounced a ball to them, causing them to reach out, catch, stabilize, and
then throw the ball back.
At this level, Swiss Stability Ball exercises were added. The stability ball exercises were
identical in progression to the seated exercises, with the exception of the investigator pushing on
the ball to further destabilize the participant.
When the participants were relatively stable on the ball, they progressed to exercises
standing by a wall or leaning on a wall or other support structure. The participants used the wall
for balance and visual support while performing various actions of balance and coordination.
These included lifting one foot off the ground, dorsiflexion and plantarflexion, knee raises,
squats, and leg raises. A set of parallel bars was also used in lieu of a wall.
Standing exercises progressed in a similar fashion to the seated and stability ball
exercises with special attention paid to removal of postural sway. The investigator act as a
stabilizer at first, allowing the participant to hold the investigator’s arms or shoulders. If
necessary, the investigator stood in front of the participant to satisfy their ocular dependency.
Once standing with aid, progress was made toward standing with only one hand holding on to
the investigator, and then free standing. A set of parallel bars was sometimes used in lieu of the
investigator.
Once free standing was achieved, the participant and investigator progressed to pattycake-type games, which are designed to cross the midline and increase neural awareness and
integration (figures 3.2 an 3.3). The participant in the figure, participant 3505, gave his consent
to be photographed and video taped for use as an example in this paper, future articles, and
future presentations. Also, the participant could free-stand while the investigator moved around

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

46

the participant. Since many stroke patients have significant ocular dependencies, this movement
required a participant to slowly shed those dependencies. It should be noted that at no point was
the investigator out of reach, removing the chance the participant would sway or fall without
support.

Figure 3.2 Supported Standing Patty Cake

Figure 3.3 – Multi-directional Patty cake

Standard resistance exercise machines were used, using standard ACSM exercise
guidelines. Exercises were used to strengthen all major muscle groups, with particular attention
paid to the muscles of posture and ambulation. Special attention was paid to any muscle group
that had atrophied in the particular participant. In this study, a Batca Fitness Systems brand
Omega 4 Commercial Multi System gym was used (Figure 3.4). This equipment included
standard weight plates attached to fixed motion resistance exercises for both upper and lower
extremities.
Ambulation progressed in similar lines to that used for standing balance, with the
participant holding the investigator’s arms or shoulders, or parallel bars, while taking steps.
Focus was paid to upright posture, lack of sway, heel-to-toe stepping, standard gait patterns, and
looking ahead instead of at the ground. As the participant progressed in walking, the investigator
moved from the participant holding both arms with the investigator walking in front, to holding
one arm and the investigator walking besides them, to the investigator walking in front without
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the participant holding on, to the investigator walking beside the participant with no aid given.
Finally, the participants progressed to walking towards the investigator from a short distance of
three or four steps, to longer distances of 15 or 20 steps.
Intervention Program Resistance Training
Participants used traditional weight machines, not free weights, to exercise the muscles of
stability and ambulation. Specifically, exercises focused on the abdominals, paraspinals, gluteus,
serratus anterior, erector spinae, iliopsoas, trapezius, quadriceps – especially the vastas medialis
– hamstrings, gastrocnemius, soleus, and tibialis anterior.
Resistance training was completed following standard ACSM guidelines for testing,
setting initial weights, and progression of exercise levels and resistance. The primary resistance
machine in the therapy center was a Batca Fitness Systems brand Omega 4 Commercial Multi
System.

Figure 3.4 Batca Omega 4 Multi System
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Table 3.3
24-week outline for intervention training
Week 1

Initial Testing

Rest Period

Week 2

Stability Training Resistance Training

Neural Developmental Exercises

Week 3

Stability Training Resistance Training

Neural Developmental Exercises

Week 4

Stability Training Resistance Training

Neural Developmental Exercises

Week 5

Stability Training Resistance Training

Neural Developmental Exercises

Week 6

Retesting

Retesting

Week 7

Stability Training Resistance Training

Neural Developmental Exercises

Week 8

Stability Training Resistance Training

Neural Developmental Exercises

Week 9

Stability Training Resistance Training

Neural Developmental Exercises

Week 10 Stability Training Resistance Training

Neural Developmental Exercises

Week 11 Stability Training Resistance Training

Neural Developmental Exercises

Week 12 Retesting

Retesting

Rest Period

Rest Period

Initial Strength Testing

Week 13 Stability Training Resistance Training

Neural Developmental Exercises

Week 14 Stability Training Resistance Training

Neural Developmental Exercises

Week 15 Stability Training Resistance Training

Neural Developmental Exercises

Week 16 Stability Training Resistance Training

Neural Developmental Exercises

Week 17 Stability Training Resistance Training

Neural Developmental Exercises

Week 18 Retesting

Retesting

Rest Period

Week 19 Stability Training Resistance Training

Neural Developmental Exercises

Week 20 Stability Training Resistance Training

Neural Developmental Exercises
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Week 21 Stability Training Resistance Training

Neural Developmental Exercises

Week 22 Stability Training Resistance Training

Neural Developmental Exercises

Week 23 Stability Training Resistance Training

Neural Developmental Exercises

Week 24 Exit Testing

Exit Testing

Rest Period

Initial testing included all test measures followed by a rest period, then the session was
completed with muscular strength testing to determine a baseline for resistance training. These
same procedures were followed every six weeks to ensure consistency of test results. The
strength testing was used to assess improvements and if the resistance intervention needed to be
modified for the participant.
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Table 3.4
Resistance training program for legs

Weeks
1-4
Week 5
Weeks
6-8
Week 9
Weeks
10-12
Week
13
Weeks
14-16
Week
17
Week
18-20
Week
21
Week
22-24

Seated Calf
Plantar
flexion
Baseline
Weight
Increase 10%
10%

Seated Calf
Dorsiflexion

Leg Press

Leg Curl

Leg Ext.

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Increase 10%

Increase 10%

Increase 10%

Increase 10%

Increase 10%

10%

10%

10%

10%

10%

Add Third
Set
Add Third
Set
Increase
Reps from
10-15
Final Sets

Add Third Set

Add Third
Set
Add Third
Set
Increase
Reps from
10-15
Final Sets

Add Third
Add Third Set
Set
Add Third
Add Third Set
Set
Increase Reps Increase Reps
from 10-15
from 10-15
Final Sets

Final Sets

Add Third Set
Increase Reps
from 10-15
Final Sets
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Table 3.5
Resistance training program for core body areas

Weeks
1-4
Week 5
Weeks
6-8
Week 9
Weeks
10-12
Week
13
Weeks
14-16
Week
17
Week
18-20
Week
21
Week
22-24

Seated
Abdominal
Crunch
Baseline
Weight
Increase 10%
10%

Seated Spinal
Extension

Lat PullDown

Triceps
Extension

Bicep Curl

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Baseline
Weight
Increase 10%
10%

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Add Second
Set
2 Sets

Increase 10%

Increase 10%

Increase 10%

Increase 10%

Increase 10%

10%

10%

10%

10%

10%

Add Third
Set
Add Third
Set
Increase
Reps from
10-15
Final Sets

Add Third Set

Add Third
Set
Add Third
Set
Increase
Reps from
10-15
Final Sets

Add Third
Add Third Set
Set
Add Third
Add Third Set
Set
Increase Reps Increase Reps
from 10-15
from 10-15
Final Sets

Final Sets

Add Third Set
Increase Reps
from 10-15
Final Sets
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Intervention Program Neurodevelopmental and Stability Training
Developmental training progressed every 6 weeks, following assessment, at which point
the participant progressed to the next stage of exercises or remained at their current level until
advancement was appropriate. Standard progression of exercises was: Supine Cross Crawling –
Seated Balance Control – Seated Cross Crawling – Swiss Ball Balance Control – Standing Cross
Crawling – Standing Balance Control – Ambulation.

Table 3.6
Neurodevelopmental training program

Week 1

Cross
Crawling
30 Seconds

Balance
30 Seconds

Interrupted
Balance
30 Seconds

Ball Tossing
5 Tosses Front Only

Week 2

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 3

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 4

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 5

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 6

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 7

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 8

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 9

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 10

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 11

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 12

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only
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45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 14

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 15

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 16

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 17

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 18

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 19

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 20

30 Seconds

30 Seconds

30 Seconds

5 Tosses Front Only

Week 21

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 22

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 23

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side

Week 24

45 Seconds

45 Seconds

45 Seconds

15 tosses – 5 front and 5 per side
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Research Design
This is a single-subject research design wherein a baseline is established for each
participant, a treatment implemented, and assessments over time are compared to the baseline
scores. In this study, participants were compared to determine if one treatment or the
combination of treatments was the most effective.
One of the most comprehensive studies done on stroke rehabilitative methods was
completed in November, 2008 at the McMasters University Evidence-base Practice Center, at the
request of the Agency for Healthcare Research and Quality. This meta analysis investigated
1,674 studies performed from January, 2000 through January, 2008, investigating various forms
of stroke rehabilitation as well as measurement tools for stroke recovery (Oremus et al., 2008).
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Among other findings, this study suggests single, randomized studies, such as used here,
is one of the strongest types of evidence-based studies available and are less prone to bias
(Oremus et al., 2008). This includes single subject research designs, such as this study’s design,
in which participants serve as their own control.
Summary
Each area of study was analyzed using IBM’s SPSS statistical package using a repeated
measures analysis of variance. Once the measurements were recorded, a comparative measure
over time was used to determine the effectiveness of the intervention. Each test was used by
itself for its specific measurement design and for closer comparisons of intervention. As there are
three different interventions, inferences should be able to be drawn as to what part, if any, of the
intervention is effective or most effective.
Test results were then combined into one of two areas, physical improvement and quality
of life improvement. Specifically, the Fugl-Meyer and Berg Balance Test were used to determine
overall physical improvement. The Barthel Index, SSQOL, and MMS were used to asses overall
changes in quality of life.
As secondary investigations, the test measurements were analyzed for any time plateaus,
such as a steady state from 4-8 weeks, as well as large changes, such as an initial change once
exercises began. While initial changes and plateaus are standard in any exercise program,
specific understanding of these could be used to make future improvements to the intervention.
It was originally hypothesized that if the study showed no significant differences between
the groups, the likely conclusion would be that standard exercise of any type yields some results.
It was further hypothesized that if either of the single exercise groups showed similar results to
the combined exercise group, the likely conclusion would be that a single type of exercise is the
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deciding factor in advanced recovery. However, it was still the hypothesis of this study that the
combined study group would show significantly better results in all areas of testing than either of
the single-exercise groups.
Nine participants were recruited for this research from resources as listed earlier. Primary
among these was the Stroke Support Group at Memorial Hospital, Belleville, IL. Of the nine
participants, three left the study for a variety of reasons: one due to illness, another due to travel
issues, and a third due to lack of interest. Of the remaining six participants there were four males,
ages 31, 41, 56, and 60, and two females, ages 22 and 41.
Insult to the brain consisted of strokes of all types, including one AVM. Strokes were
predominantly to the left hemisphere, although one participant had a right hemisphere stroke
while the AVM participant had damage to both hemispheres. Stroke incident ranged from four to
16 years previous with most participants having experienced a stroke in the previous five to six
years. All participants experienced hemiparesis and foot drop, ranging from slight to complete
paralysis. Three of the six required ongoing speech therapy for facial paralysis. None of the
participants were engaged in ongoing physical therapy or regular exercise programs.
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CHAPTER 4
RESULTS
Results of the assessments taken before, during, and after the interventions were analyzed
to address the hypotheses that the single and combined interventions would result in
improvement over baseline and further that the combined intervention would be more effective
than either of the single interventions.
Each participant was screened using the study’s measurement tools. Each participant was
assigned a four-digit random number, beginning with the number 3 – generated using the Big
Sauce Random Number Generator program. Numbers were assigned when participants arrived
for their first pre-study testing. At that time, participants were also randomly placed into one of
three intervention groups: Resistance Training, Neurodevelopmental, or the Combined
intervention. At no time was the testing physical therapist aware of which participants were in
which intervention group.
A repeated measures analysis of variance (ANOVA), specifically comparing each
intervention group, was conducted using IBM’s SPSS Statistical Data Package Version 22.0.
Due to the small number of participants, it was unlikely there would be statistical significance to
the results, although there were a few analyses in which statistical significance was achieved.
Given the small participant numbers, effect sizes were calculated for each participant in each
measurement. Also, observed power was used to strengthen the results.
For ease of description, the results have been broken into the categories of Fugl-Meyer
results, Berg results, Barthel results, and SSQL results. Those results are then combined into two
primary sections of Physical Improvement and Quality of Life. A significance level of 0.05 was
set. Results were then cross-studied between interventions to determine if any intervention
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seemed more effective than the others. Finally, self-reported qualitative information that the
participants had been encouraged to record and report as anecdotal evidence was examined.
Fugl-Meyer
The Fugl-Meyer is broken into a group of five sections further broken into single subtests
measuring a variety of abilities. These sections are designated Lower Extremity, Upper
Extremity, Hand (use thereof), Coordination Speed, and Sensory Assessment and Proprioception,
the sums of which result in a Total Test Score. Numbered scores are given for each subtest with
totals for each section. Each section has the corresponding maximum scores of: Lower Extremity
– 34, Upper Extremity – 46, Hand – 14, Coordination Speed – 6, Sensory Assessment and
Proprioception – 24, with a perfect Total Test Score of 124.
To achieve the most usable results, each participant was tested against themselves as a
baseline with absolute as well as percentage changes recorded. Due to the volume of data, the
individual graphs for each section have been placed in appendix F. The Total Test Score graphs
and the repeated measures ANOVA results are in this results chapter.
Because the Fugl-Meyer establishes recovery over a wide range of recovery levels, each
participant is used as his or her own baseline. Scores can vary significantly from someone who
starts at a low-functioning level – such as Participant 3279 who begins at a score of 13 – up to a
higher-functioning individual such as participant 3505 who starts at 95. Despite this wide
variance in starting points the Fugl-Meyer is still reliable and valid for participants to be scored
against themselves. Two measurements were taken before beginning the intervention, at four and
eight weeks, to establish not only a baseline, but a standard range of scores to be expected from
testing to testing. By doing two baseline measures, it was clear if a small change in scores, such
as one or two points, was due to interventions or normal variance in test scores.
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A three-by-six repeated measures ANOVA was run with each group being compared as a
separate factor, and then defined over time. In Table 4.1, statistical significance of 0.03 is
achieved for between-subject tests, indicating there was significant changes caused by the
interventions. In Table 4.2, significance is achieved in both linear analyses for between-subject
effects, indicating both time and specific interventions were responsible for changes in
measurements.
Table 4.1
Tests of between-subjects effects for Fugl-Meyer
Source
Type III SS df
M
F
Sig.
Intercept
129720.09 1 129720.03 13.20 .03
group
6197.56
2 3098.78
.32 .75
Error
29478.25
3 9826.08
a.
α= .05

η2
.82
.17

Observed Powera
.68
.07

Table 4.2

Tests of within-subjects contrasts, Time and Time x Group
Type III
SS
Source Factor
df MS
F
Sig.
Time
Linear
978.29 1 978.29 70.03 .004
Quadratic
1.67
1
1.67
.06
.82
Time x Linear
355.96 2 177.98 12.74 .03
Group
Quadratic
.91
2
.45
.017
.98
a.
α= .05

η2
.96
.02
.90
.01

Observed Powera
.99
.05
.73
.05

Further analysis using the same three-by-six ANOVA was run specifically comparing
each of the three protocol groups to each other, Table 4.3. These results were then used to
calculate the effect size, indicating the probability the recorded changes were due strictly to that
intervention. The effect size for the three-intervention totals was 0.43. However, the
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neurodevelopmental group showed an effect size of 0.72 indicating the increases in test scores
can be attributed to the intervention. In contrast, the combined intervention group showed an
effect size of 0.19 and the resistance training group showed an effect size of 0.25, indicating the
interventions likely had little to no effect on the results.
In addition, when comparing the mean differences between the groups, Table 4.4, it is
clear the combined group had consistently higher mean scores than the other groups. While
statistical significance was not achieved, it is worth noting the consistency of results where the
combined protocol group showed the greatest change, followed by the neurodevelopmental
group, and finally by the resistance training group.
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Table 4.3
Mean comparisons of groups throughout testing of Fugl-Meyer
Group
M
Pre-Test1
Combined
46.50
Neurodevelopmental
65.50
Resistance
47.50
Total
53.17
Pre-Test2
Combined
46.00
Neurodevelopmental
69.00
Resistance
48.50
Total
54.50
Test3
Combined
51.00
Neurodevelopmental
76.00
Resistance
48.50
Total
58.50
Test4
Combined
51.50
Neurodevelopmental
80.00
Resistance
52.00
Total
61.17
Test5
Combined
54.00
Neurodevelopmental
88.50
Resistance
53.50
Total
65.33
Post Test
Combined
55.50
Neurodevelopmental
92.50
Resistance
54.50
Total
67.50

SD
47.376
41.719
27.577
32.258
45.255
39.598
31.820
32.452
49.497
48.083
31.820
36.605
48.790
45.255
31.113
35.947
50.912
37.477
30.406
36.142
47.376
33.234
28.991
34.830

N
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
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Table 4.4
Multiple comparisons of group means against other intervention groups using Bonferroni
95% CI
M Difference
Lower Upper
(I) Group
(J) Group
(I-J)
SE
Sig. Bound Bound
Combined
Neurodevelopmental
-27.83 40.47 1.00 -224.37 168.71
Resistance
.00 40.47 1.00 -196.54 196.54
Neurodevelopmental Combined
27.83 40.47 1.00 -168.71 224.37
Resistance
27.83 40.47 1.00 -168.71 224.37
Resistance
Combined
.00 40.47 1.00 -196.54 196.54
Neurodevelopmental
-27.83 40.47 1.00 -224.37 168.71
Note. Based on observed means. The error term is MS (Error) = 1637.68.
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Figure 4.1. Fugl-Meyer results for individual intervention groups over time.
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Finally, as the Fugl-Meyer is a highly person-specific test, it is worth looking at each
individual’s results. For ease of tracking, the participants’ individual data has been grouped by

Fugl-Meyer Scores

intervention.

Figure 4.2. Fugl-Meyer total test scores for combined intervention participant 3105.
Combined Intervention Pair
Participant 3105 was the first member of the combined intervention group. This
participant showed increased scores in the lower extremity, upper extremity, and overall test
scores, and no change at all in the hand section (see Appendix F). The CS score was consistent
and the PR score lowered. As seen in figure 4.2, the total test score showed a nine-point gain
from 80 to 89, for a total increase of 11.25%. Since the two baseline scores were 78 and 80, an
increase to 89 to 90 at the end of the intervention represents substantial change in performance.
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Figure 4.3. Fugl-Meyer total test scores for combined intervention participant 3279.
Participant 3279, also in the combined intervention group, showed increased scores in the
LE, UE, PR, and total test scores. There was no change in any other measures of the Fugl-Meyer.
As seen in figure 4.3, the total test score increased from 13 to 22, a change of nine points and an
increase of 69.23%.
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Fugl-Meyer Scores
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Figure 4.4. Fugl-Meyer total test scores for neurodevelopmental participant 3505.

Neurodevelopmental Intervention Pair
Participant 3505, the first member of the neurodevelopmental group, showed increased
scores in the LE, UE, PR, and test total measurements. Figure 4.4 shows the test total score with
an increase from 95 to 116, a total of 21 points for an 18.1% increase.
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Fugl-Meyer Scores
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Figure 4.5. Fugl-Meyer total test scores for neurodevelopmental participant 3286.
Participant 3286 was part of the neurodevelopmental group. Increases were recorded in
LE, UE, CS, PR, and total test scores. The total test score, figure 4.5, increased from 36 to 69, a
total of 33 points and a 91.67% increase. However, unlike the other participants who showed a
one-to-two-point difference between baseline scores, Participant 3286 had a five-point
differential between the initial pre-test score of 36 and the second pre-test score of 41. This could
account for a wider variance of scores for this participant.
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Figure 4.6. Fugl-Meyer total test scores for resistance training participant 3482.
Resistance Training Intervention Pair
Participant 3482, a member part of the resistance training group, showed an increase in
LE, UE, Hand, and total test scores. There was a decrease in PR total, from 21-20. The test total
scores, as seen in figure 4.6 rose from 67 to 75, for a gain of 8 points and an 11.94% increase.
However, unlike the other participants who showed a one-to-two-point difference between
baseline scores, Participant 3482 had a four-point differential between the initial pre-test score of
67 and the second pre-test score of 71. This could account for a wider variance of scores for this
participant.
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Fugl-Meyer Scores
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Figure 4.7. Fugl-Meyer total test scores for resistance training participant 3927.
Participant 3927, the second member of the resistance-training group, showed increases
in LE, UE, and total test scores, with a decrease in the PR score from six to four. As seen in
figure 4.7, the total test score increased six points from 28 to 34, a 21.34% gain.
While both time and intervention showed statistical significance on the changes in score,
within-subject analysis showed primary gains being made by the combined intervention group,
followed by the neurodevelopmental group and finally the resistance only group. In addition, the
neurodevelopmental group showed the greatest change in scores as a group, but also contained
the ne participant with the greatest increase in scores – participant 3286. It could be assumed this
one participant’s scores overly impacted the group’s score. Statistically, these results neither
prove nor disprove the study’s hypothesis.
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Berg Balance Scale
The Berg Balance Scale is a 56-point scale testing balance in areas such as free standing,
ability to self transfer, transitioning from sitting to standing, and reaching. The scores are then
interpreted into three categories for fall risk: low risk for scores between 41 and 56, medium risk
for scores between 21 and 40, or high risk for any scores below 20. Also, the Berg scoring
directions state that a change of eight points is considered a genuine and clinically significant
change in function. Participants were scored and then placed in a fall-risk category with

Berg Balance Scale Scores

particular attention paid to changes in category.

Figure 4.8. Berg Balance Scale Results for all participants over time. Participants 3105 and 3279
were in the combined intervention group, Participants 3286 and 3505 were in the
neurodevelopmental intervention group, and Participants 3482 and 3927 were in the resistance
training intervention group.
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The results for each participant can be seen in figure 4.8. Participant 3105 increased from
40 to 52 points for a total improvement of 12 points and a change from moderate to low risk
categories. Participant 3279 increased from a four to 17, for a 13-point, 325% increase in balance
scores. This participant did not change fall risk categories. Participant 3505 increased a total of
18 points, going from 26 to 44 and moving from a moderate to a low risk category. Participant
3482 increased one point, starting at 43 and then scoring 44 in nearly every consequent test.
There was no change in risk category. Participant 3286 changed two points, from 52 to 54, with
no change in category. Participant 3927 increased two points from 35 to 37 with no change in
category. The two baseline scores were within one point of each other for all but Participant
3482, who showed a three-point differential.
Three of the six participants showed clinically significant changes in balance, according
to the Berg Balance Scale’s requirements for clinical significance. Two of the three were in the
combined intervention group and the third was in the neurodevelopmental group. Neither
participant in the resistance-training group showed clinically significant changes to balance.
As was done with the Fugl-Meyer results, a three-by-six repeated measures ANOVA was
run with each group being compared as a separate factor over time. In Table 4.5, significance is
achieved at 0.01 for between-subject effects. While significance is not achieved in Table 4.6 for
within-subjects contrasts of group by time, the observed power be seen as a robust 0.50, with a
partial eta squared of 0.73.

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

71

Table 4.5
Tests of between-subjects effects for the Berg Balance Scale
η2
Source Type III SS df
MS
F
Sig.
Intercept 49654.69 1 49654.69 30.94
.01
.91
group
1746.89
2 873.44
.54
.63
.27
Error
4814.25
3 1604.75
a.
α= .05

Observed Powera
.94
.09

Table 4.6
Tests of within-subjects contrasts, time x group
Source Factor
Type III SS df
MS
F
Sig.
Time
Linear
331.26
1 331.26 8.26 .06
Quadratic
1.24
1
1.24
.24 .66
Time x Linear
158.71
2 79.35 1.98 .28
Group Quadratic
10.55
2
5.28 1.01 .46
a.
α= .05

η2 Observed Powera
.73
.50
.07
.06
.57
.18
.40
.12

As was done for the Fugl-Meyer results, the SPSS analysis was run comparing each of
the three protocol groups, Table 4.7. These results were then used to calculate the effect size,
indicating the probability the recorded changes were due strictly to that intervention. The effect
size for the three-intervention totals was 0.48. However, the combined intervention group
showed an effect size of 0.51, and the neurodevelopmental group showed an effect size of 0.79,
indicating both groups can attribute the increases in scores to the interventions. In contrast, the
resistance training group showed an effect size of 0.09, indicating the intervention had little to no
effect on the results.
In addition, when comparing the mean differences between the groups, Table 4.8, it is
clear the combined group had consistently higher mean scores than the other groups. While the
statistical significance of this is 1.000, it is worth noting the consistency of results where, again,
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the combined protocol group showed the greatest change, followed by the neurodevelopmental
group, and finally by the resistance training group.
Table 4.7
Mean comparisons of groups throughout testing of Berg Balance Scale
Group
M
SD
Pre-Test1
Combined
22.00
25.456
Neurodevelopmental
39.00
18.385
Resistance
39.00
5.657
Total
33.33
16.753
Pre-Test2
Combined
22.00
25.456
Neurodevelopmental
39.00
19.799
Resistance
40.50
7.778
Total
33.83
17.452
Test3
Combined
24.50
28.991
Neurodevelopmental
45.50
9.192
Resistance
38.00
8.485
Total
36.00
17.029
Test4
Combined
31.00
22.627
Neurodevelopmental
46.00
9.899
Resistance
38.50
7.778
Total
38.50
13.383
Test5
Combined
35.00
24.042
Neurodevelopmental
48.00
8.485
Resistance
39.00
7.071
Total
40.67
13.246
Post Test
Combined
34.50
24.749
Neurodevelopmental
49.00
7.071
Resistance
40.50
4.950
Total
41.33
13.411

N
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
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Table 4.8
Multiple comparisons of group means against other intervention groups using Bonferroni
95% CI
M Difference
Lower Upper
(I) Group
(J) Group
SE
Sig. Bound Bound
(I-J)
Combined
Neurodevelopmental
-16.67
16.35 1.00 -96.09 -62.76
Resistance
-11.50
16.35 1.00 -90.93 -67.96
Neurodevelopmental Combined
16.67
16.35 1.00 -62.76 -96.09
Resistance
5.17
16.35 1.00 -74.26 -84.59
Resistance
Combined
11.50
16.35 1.00 -67.96 -90.93
Neurodevelopmental
-5.17
16.35 1.00 -84.59 -74.26
Note. Based on observed means. The error term is MS (Error) = 267.46.
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Figure 4.9. Berg Balance Scale results for individual intervention groups over time.
As was hypothesized, time and intervention alone were able to cause some changes to
scores. However only the combined intervention group showed clinically significant changes in
both participants, further supporting the study’s hypothesis that this group would show greater
changes than the other intervention groups.
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The Barthel Index
The Barthel Index is a 100-point scale designed to evaluate functional living. It includes
areas such as feeding, grooming, toilet use, and mobility. A change of 1.85 points is considered

Barthel Index Scores

clinically significant (Hsieh, Wang, & Wu, 2007).

Figure 4.10. Barthel Index results for all participants over time. Participants 3105 and 3279 were
in the combined intervention group, Participants 3286 and 3505 were in the neurodevelopmental
intervention group, and Participants 3482 and 3927 were in the resistance training intervention
group.
The results for each participant can be seen in Figure 4.10. Participant 3105 increased
five points from 90 to 95. Participant 3279 increased 25 points from 30 to 55. Participant 3505
increased 10 points, from 85 to 95. Participant 3482 had a zero point change. Participant 3286
decreased five points from 95 to 90, although it is important to note the test score was
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consistently 95 until the final posttest. Thus, this final test result could be an outlier score or the
result of tester error. For purposes of this study, the score is treated as genuine, although the
sudden decrease after consistency raises questions of this single score’s validity. Participant 3927
increased five points from 70 to 75. All participants showed identical baseline measurements,
with the exception of Participant 3505, who showed a 10-point increase between Pre-Test 1 and
Pre-Test 2 (85 – 95), whereupon his score remained unchanged for the rest of the study. It is
unclear if this was due to testing error, test-retest familiarity, or some other variable.
When looked at in groupings of intervention, both of the participants in the combined
intervention group showed clinically significant increases in functional living while each of the
other intervention groups did not.
The same repeated measures ANOVA was run with each group being compared as a
separate factor and then defined over time, Table 4.09. Significance is achieved at 0.003 for
between subjects test. In contrast, in Table 4.10, significance is not achieved due to the small
number of participants, and the observed power can be seen as only 0.21 and 0.12, much lower
than in the results for Fug-Meyer and Berg. Despite the low observed power, Figure 4.11, which
shows the changes over time of the total Barthel Index scores for each group of participants,
clearly shows a greater increase for the combined intervention group than the other two groups.
Table 4.9
Tests of between-subjects effects for the Barthel Index
Source
Type III SS df
MS
F
Sig.
Intercept 219336.11
1
219336.11 81.45 .003
group
4526.39
2
2263.19
.84
.51
Error
8079.17
3
2693.06
a.
α= .05

η2
.96
.36

Observed Powera
1.00
.11
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Table 4.10
Tests of within-subjects contrasts. Time and Time x Group
Source Factor
Type III SS df MS
F
Sig.
Time
Linear
214.29
1 214.29 2.68 .200
Quadratic
.20
1
.20
.02
.89
Time x Linear
157.500
2 78.750 .983 .470
Group Quadratic
43.55
2 21.78 2.41 .24
a.
α= .05

η2 Observed Powera
.47
.21
.01
.05
.40
.12
.62
.21

As was done for the previous measurements, the SPSS analysis was run comparing each
of the three protocol groups, Table 4.11. These results were then used to calculate the effect size,
indicating the probability the recorded changes were due strictly to that intervention. The effect
size for the three-intervention totals was 0.34. The combined intervention group showed an
effect size of 0.42, and both the neurodevelopmental and resistance training groups showed an
effect size of 0.47. While all three groups showed effect sizes greater than the effect size of all
three protocols totaled, none of them is high enough to draw conclusions as to which, if any, of
the protocols were responsible for score changes.
However, when comparing the mean differences between the groups, Table 4.12, it is
clear the combined group had consistently higher mean scores than the other groups. While the
statistical significance of this ranges from 0.83 to 1.00, it is worth noting the consistency of
results where, again, the combined protocol group showed the greatest change, followed by the
neurodevelopmental group, and finally by the resistance training group.
As was hypothesized, time and intervention alone were able to cause some changes to
scores. However only the combined intervention group showed clinically significant changes in
both participants, further supporting the study’s hypothesis that this group would show greater
changes than the other intervention groups.
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Table 4.11
Mean comparisons of groups throughout testing of the Barthel Index
Group
M
SD
Pre-Test1 Combined
60.00
42.43
Neurodevelopmental
90.00
7.07
Resistance
75.00
7.07
Total
75.00
23.66
Pre-Test2 Combined
60.00
42.43
Neurodevelopmental
95.00
.000
Resistance
75.00
7.07
Total
76.67
24.83
Test3
Combined
62.50
38.89
Neurodevelopmental
95.00
.000
Resistance
75.00
.000
Total
77.50
22.75
Test4
Combined
67.50
31.82
Neurodevelopmental
95.00
.000
Resistance
75.00
.000
Total
79.17
19.08
Test5
Combined
70.00
35.36
Neurodevelopmental
95.00
.000
Resistance
75.00
.000
Total
80.00
19.75
Post Test Combined
75.00
28.25
Neurodevelopmental
92.50
3.54
Resistance
77.50
3.54
Total
81.67
15.38

N
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
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Table 4.12
Multiple Comparisons of group means against other intervention groups using Bonferroni
95% Confidence
Interval
M Difference
Lower Upper
(I) Group
(J) Group
(I-J)
SE Sig. Bound Bound
Combined
Neurodevelopmental
21.16
-27.92
.836 -130.70 74.87
4
Resistance
-9.58 21.16 1.00 -112.37 93.20
Neurodevelopmental Combined
27.92 21.16 .84
-74.87 130.70
Resistance
18.33 21.16 1.00
-84.45 121.12
Resistance
Combined
9.58 21.16 1.00
-93.20 112.37
Neurodevelopmental
-18.33 21.16 1.00 -121.12 84.45
Note. Based on observed means. The error term is MS (Error) = 447.92.
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Figure 4.11. Barthel Index scores for individual intervention groups over time.
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Stroke Specific Quality of Life (SSQOL) Scale
The SSQOL is a self-reporting Likert scale measuring 12 domains of life affected by
stroke. Those areas include energy, family roles, language, mobility, mood, personality, selfcare, social roles, thinking, upper extremity function, vision, and work/productivity. A change of
1.2 to 1.5 points per domain is considered clinically significant (Hsieh, Wang, Wu, 2012), with

Stroke Specific Quality of Life Scale Scores

special emphasis placed on the domains of mobility, self-care, and upper extremity function.

Figure 4.12. Stroke Specific Quality of Life Scale score results for all participants over time.
Participants 3105 and 3279 were in the combined intervention group, Participants 3286 and 3505
were in the neurodevelopmental intervention group, and Participants 3482 and 3927 were in the
resistance training intervention group.
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As seen in figure 4.12, participant 3105 showed an overall increase of 16 points, with
primary increases in the domains of social role, family role, language, mobility, and self care.
Participant 3279 increased 34 points with increases across nearly all domains. Participant 3505
showed a four-point increase, primarily in the domains of energy and family role. It should be
noted this participant became a new father for the first time during this study and changes to
family role could be attributed to this.
Participant 3482 showed an 11-point decrease in the SSQOL with the primary changes
occurring in work and mobility domains. Participant 3286 recorded a one-point decrease in the
test with changes occurring in most domains of the test but yielding only a one point overall
change. Participant 3927 recorded an 18-point increase in the SSQOL. While increases occurred
in most of the domains, this participant recorded a 10-point increase in mood and a five-point
increase in self-care.
The same three-by-six repeated measures ANOVA was run with each group being
compared as a separate factor and then defined over time. In Table 4.13, statistical significance
of .002 is achieved for between-subject tests, indicating there was significant change caused by
the interventions. In Table 4.14, significance is not achieved due to the small number of
participants, and the observed power can be seen as only 0.21 and 0.15, much lower than in the
results for Fug-Meyer and Berg.
Despite the low observed power, Figure 4.13, which shows the changes over time of the
total SSQOL scores for each group of participants, clearly shows a greater increase for the
combined intervention group than the other two groups, with the combined intervention group
ending at almost the same graph point as the resistance-training group, despite starting nearly 25
points lower on the scale.
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Table 4.13
Tests of between-subjects effects for the Stroke Specific Quality of Life Scale
η2
Source
Type III SS df
MS
F
Sig.
Observed Powera
Intercept 843030.03
1 843030.03 119.33
.002
.98
1.00
group
9955.56
2
4977.78
.71
.56
.32
.10
Error
21184.92
3
7061.64
a.
α= .05
Table 4.14
Tests of within-subjects contrasts, Time and Time x Group
Source Factor
Type III SS df
MS
F
Sig.
Time
Linear
458.860
1 458.86 2.64 .20
Quadratic
4.383
1
4.38
.08
.79
Time x Linear
493.962
2 246.98 1.42 .37
Group Quadratic
62.587
2 31.29
.60
.60
a.
α= .05

η2
.47
.03
.49
.29

Observed Powera
.21
.06
.15
.09

As was done for the previous measurements, the SPSS analysis was run comparing each
of the three protocol groups. These results, Table 4.15, were then used to calculate the effect
size, indicating the probability the recorded changes were due strictly to that intervention. The
effect size for the three-intervention totals was 0.34. The combined intervention group showed
an effect size of 0.42, and both the neurodevelopmental and resistance training groups showed an
effect size of 0.47. While all three groups showed effect sizes greater than the effect size of all
three protocols totaled, none of them is high enough to draw conclusions as to which, if any, of
the protocols was responsible for score changes.
However, when comparing the mean differences between the groups, Table 4.16, it is
clear the combined group had consistently higher mean scores than the other groups. While the
statistical significance of this ranges from 0.84 to 1.00, it is worth noting the consistency of
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results where, again, the combined protocol group showed the greatest change, followed by the
neurodevelopmental group, and finally by the resistance training group.
Table 4.15
Mean comparisons of groups throughout testing of the Stroke Specific Quality of Life
Scale.
Group
M
SD
Pre-Test1
Combined
123.00
45.26
Neurodevelopmental
177.50
28.99
Resistance
145.50
38.89
Total
148.67
38.47
Pre-Test2
Combined
123.00
45.26
Neurodevelopmental
172.50
37.48
Resistance
151.00
36.77
Total
148.83
38.13
Test3
Combined
137.00
35.36
Neurodevelopmental
172.00
42.43
Resistance
147.50
31.82
Total
152.17
32.72
Test4
Combined
140.00
31.11
Neurodevelopmental
174.00
41.01
Resistance
147.50
26.16
Total
153.83
30.37
Test5
Combined
144.50
33.23
Neurodevelopmental
176.50
38.89
Resistance
151.00
24.04
Total
157.33
29.46
Post Test
Combined
148.00
32.53
Neurodevelopmental
179.00
32.53
Resistance
149.00
18.39
Total
158.67
27.19

N
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
2
2
2
6
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Table 4.16
Multiple comparisons of group means against other interventions using Bonferroni
95% Confidence
M
Interval
Difference
Lower Upper
(I) Group
(J) Group
SE Sig. Bound Bound
(I-J)
Combined
Neurodevelopmental
-27.92 21.17 .84 -130.70 74.87
Resistance
-9.58 21.17 1.00 -112.37 93.20
Neurodevelopmental Combined
27.92 21.17 .84 -74.87 130.70
Resistance
18.33 21.17 1.00 -84.45 121.12
Resistance
Combined
9.58 21.17 1.00 -93.20 112.37
Neurodevelopmental
-18.33 21.17 1.00 -121.12 84.45
Note. Based on observed means. The error term is MS (Error) = 447.92.
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Figure 4.13. Stroke Specific Quality of Life results for individual intervention groups over time.
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Anecdotal Self-Reported Qualitative Data
Participants, their families, and caregivers were encouraged to record and report any
changes they noticed while the participants were taking part in the study. The intent of this
gathering was to provide insight into life changes that might otherwise not be noted in the
quantitative data. These changes are recorded to give further insight into the results of this study
and are not meant in any way to be quantitative reports of change.
Participant 3105, of the combined intervention group, reported feeling “more aware” of
the hemiparetic side and reported using that hand more. This participant also reported greater
ease in walking, and a greater speed in gait. This participant’s family reported a noticeably
smoother gate pattern, including flexion of the knee without foot drop, and a generally increased
mood and feeling of self worth.
Participant 3279, also of the combined intervention group, reported the ability to selftransfer from a wheelchair as well as an ability to free stand for short periods of time. This
participant also reported that a child was tickling the paralyzed foot and the foot responded with
a Babinski reflex. This was the first reflex movement of the foot in five years. The participant
progressed from a wheelchair to use of a walker, covering distances of no more than 60 feet
before requiring rest. The participant’s family noted an increase in social outings and
participation in family gatherings.
Participant 3505, of the neurodevelopmental group, noted increased energy and balance.
This participant has returned to school and noted an ability to help care for his new child,
something he did not think would be possible. He also reported getting up from the floor
unassisted for the first time in 15 years.

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

88

Participant 3482, of the resistance-training group, reported “ups and downs” with no real
gains or losses. This participant expressed frustration at the lack of overall improvement and an
inability to travel without family help.
Participant 3286, of the neurodevelopmental group, reported limited changes and also
mood changes. This participant was unhappy at an inability to gather with family, who had
moved more than an hour away, and attributed the depression and mood changes to this change.
This participant walked unassisted, with eyes forward and neck straight, for the first time in four
years.
Participant 3927, of the resistance-training group, reported overall elevated mood and
generalized increases in activities of daily living.
Table of Significance
The complete data collection set has led to Table 4.17 showing which participants
attained significant clinical or statistical change, as well as self-reported significance in the areas
of function and quality of life.
Both participants in the combined intervention group showed clinically significant gains
across all measures, as well as statistically significant gains in the Fugl Meyer. Both reported
anecdotal gains in their overall functionality as well as their quality of life.
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Table 4.17
Comparison of data for clinical gains, statistically significant changes, and anecdotal gains for
all participants.
ID #

Group

Measure

Clinical Gain

3105

Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
Combined
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
NeuroD
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance
Resistance

FM
Berg
Function
Barthel
SSQOL
QOL
FM
Berg
Physical
Barthel
SSQOL
QOL
FM
Berg
Physical
Barthel
SSQOL
QOL
FM
Berg
Physical
Barthel
SSQOL
QOL
FM
Berg
Physical
Barthel
SSQOL
QOL
FM
Berg
Physical
Barthel
SSQOL
QOL

Y
Y

Statistical
Significance
Y
N

Y
Y

N
N

3279

3286

3505

3482

3927

Anecdotal Gain

Y
Y
Y
Y

Y
N

Y
Y

N
N

Y
N

Y
N

Y
Y
Y
N
N

N
N

Y
Y

Y
N

Y
N

N
N

N
Y
Y
N
N

Y
N

N
N

N
N

N
N

Y
N

N
N
N
Y
Y

N
N
N
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Of the two participants in the neurodevelopmental group, both showed clinically
significant gains in the Fugl-Meyer Test with one participant also showing clinically significant
gains in the Berg and Barthel tests as well. Neither showed statistically significant changes in
any of the measures. Both reported functional gains while only one reported this as sufficient to
improve quality of life.
Of the two participants in the resistance-training group, one participant showed clinically
significant increases in the Barthel and SSQOL measures. Neither showed statistically significant
increases in any of the tests and neither reported any increases in either functionality or quality of
life.
This table clearly shows clinically, if not statistically, significant changes to both
members of the combined interventions group in all areas of measurement. It also shows changes
to members of the other intervention groups, however not to the pervasiveness and extent as
those in the combined intervention group. These results would then tend to support the study’s
hypothesis.
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CHAPTER 5
DISCUSSION
The results of this study support the hypothesis, that a group of individuals at least fouryears post stroke would show significant improvement after a six-month intervention consisting
of exercise combined with neurodevelopmental activities when compared with groups using only
one of the proposed approaches. The neurodevelopmental activities include a new mode of
stability and proprioception training based upon motor development strategies traditionally used
with children.
The purpose of this study was to determine if either or both of two interventions, or their
combination, could improve functional performance in patients at least four years post-stroke.
While the number of participants was small for statistical tests, the high partial eta squared and
observed powers in the repeated measures ANOVA along with the clinical significance and
anecdotal evidence, suggests interventions made a difference. While some improvement was
expected no matter into which intervention the participant was placed, it is clear there were
greater advances made by those participants in the combined intervention group.
The combined intervention group showed statistically significant improvement in some
areas, clinically significant improvement in all areas, and reported anecdotal advancements in all
areas. Of particular interest is Participant 3279. At the beginning of the study Participant 3279
was the lowest-scoring participant in the study and was unable to self-transfer out of his
electronic wheel chair. By the end of the six-month study, Participant 3279 could self-transfer
from wheelchair to commode or chair, could stand with limited aid, and could walk 50 to 60
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steps using a quad-walker. The participant reported greater independence at home upon
completion of the study.
One of the unique pieces of this particular study was the starting point of at least four
years post-stroke. Previous studies have looked at the ability of patients to consistently improve
during the chronic phase of stroke recovery, however none went beyond the four-year mark. The
results of this study suggest medical professionals and insurance carriers should shift to a longterm treatment of stroke patients that continues well after the initial six-month intense
intervention. These finding are in agreement with Dhamoon et al., and Luft et al. (2004), both of
whom hypothesized the ability of the brain to maintain plasticity and continue to recover years
after the initial stroke insult. By expanding the chronic phase of stroke recovery to include
patients more than four-year post stroke, this study’s results support this viewpoint. Of course
these findings need to be confirmed through repetition of this study, however they suggest a shift
in long-term stroke rehabilitation should begin sooner rather than later. With a variety of stroke
types and locations, the results of the interventions show there is potential for recovery for any
type of stroke patient long after the initial six-months of therapy and even after the fourth year of
chronic-phase recovery, again supporting the hypothesis of Dhamoon et al.
Changes in performance over the course of the intervention are discussed below for each
area of performance measured: stroke specific impairment, balance, and quality of life.
Stroke-Specific Impairment
Stroke-specific impairment was measured by the Fugl-Meyer Test. There is an indication
in the literature that starting level might influence the amount of gain to be expected. By pure
coincidence, each group of two participants had one participant who had a low starting score as

NEURODEVELOPMENTAL TRAINING FOR CHRONIC STROKE

93

well as one who had a high starting score. While not planned, the even distribution of
participants removes the potential for baseline levels to skew the results.
One participant from each group started with a score greater than 65 on the Fugl-Meyer
test: Participant 3105 at 80, Participant 3505 at 95, and Participant 3482 at 67. Those participants
showed increases in overall Fugl-Meyer scores of 11.25%, 11.58%, and 11.94% respectively. In
contrast, the three participants who started with low Fugl-Meyer scores, 3279 at 13, 3927 at 28,
and 3286 at 36, showed much higher percentage increases. Participants 3279, 3927, and 3286
showed increases in overall score of 69.23%, 21.43%, and 91.67% respectively. .
In this study, each group had a participant with a low stating point and one with a high
starting point, so starting level has not influenced the results obtained. Follow-up studies should
include groups separated by initial scores to see if starting score has a larger effect upon
recovery. Are those with deeper injuries more inclined to progress, or is their progression simply
more dramatic due to the low starting point?
There appears to be a greater benefit to those with lower initial scores. However that is
not a complete finding due to the small number of participants. It is interesting to note that
participant 3505, the highest-scoring participant for initial testing, also self-reported large gains
in mobility and self-reliance, such as regaining the ability to get up from the floor 17 years after
initial insult.
There did not appear to be any indication that area of insult or type of stroke had an effect
upon the recovery rates as measured by the Fugl-Meyer. Future studies should investigate this
further, as stroke is often seen as an individualistic injury that is not prone to general
rehabilitative strategies. For example, every knee replacement is treated the same, whereas stroke
therapies have taken a more individualistic approach. If the type and general nature of strokes
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can be eliminated as recovery factors, there is great potential for designing rehabilitation
programs that would be effective for all stroke patients.
Balance
In terms of balance, the Berg Balance Test results showed a clear improvement in
balance by those in the combined interventions as well as a lesser increase in scores amongst
those in the neurodevelopmental group. The resistance intervention participants showed little or
no balance increase. These results agree with the Center for Development’s statements on the
improvement of balance in children as neurodevelopmental programs are used with them.
McCabe (2010) suggests motor activities and their development require both hemispheres of the
brain, thus integration of the brain hemispheres and neurointegration results in greater balance
and stability. This informed the decision to use such activities for this study.
The results also support the Dynamic Systems Theory and the research done by Fisher et
al. (2005) and Thelen & Ulrich (1991). Other than those in the combined intervention group, the
only participant to show an obvious balance improvement was Participant 3505, who was part of
the neurodevelopmental group. As suggested by the Dynamic Systems Theory, the strength of
musculature would be a constraint to the body’s ability to balance regardless of neural
involvement. Yet, the absence of an improvement in balance among the resistance training
intervention group also supports the Dynamic Systems Theory, as the lack of activities involving
neural integration would be a limiting factor regardless of increased muscular strength. In both
cases, there is a limiting constraint that limits the level of recovery. By removing those
constraints through the combined intervention, recovery levels were improved. That is,
improvement resulted from the interaction of the neural integration and strength components,
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improved by the intervention activities. New patterns were able to replace old patterns and motor
learning was able to progress.
Balance and ambulatory improvement are important, since both, particularly ambulation,
have been repeatedly shown to be markers of overall stroke recovery and quality of life.
Ambulation, even if it is only the ability to self-transfer, is an important part of daily life for
stroke victims. Participant 3505, from the neurodevelopmental group, reported being able to sit
and stand from a prone position, something that had been impossible during the previous 16
years following his stroke. He also reported being able to play with his new infant daughter.
While his improvement score was not statistically significant on the Berg Balance Test, the
ability to play with his daughter is a significant functional improvement. This result suggests that
the Berg Balance Test does not detect some clinically significant improvements in balance.
The ability to ambulate and to become more self-sufficient has been linked to results in
improved social functioning, depression reduction, increased independence, and increased social
interaction (Garland, Ivanova, & Mochizuki, 2007; McCabe, 2010). Several participants,
particularly those in the combined intervention group, showed greater ambulation and reported
feeling more independent and happy. Participant 3505, of the neurodevelopmental group,
reported regaining the ability to drive, a key indicator in recovery (Tabak & Plummer-D’Amato,
2010).
Quality of Life
Participant 3279, part of the combined intervention group, saw the greatest improvements
in both the Barthel and SSQOL tests. Again, Participant 3279 had the lowest starting scores;
however, it is important to note the consistency of this participant’s improvements. Overall, the
participant saw increases in motor control, ambulation, and upper and lower body control,
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regained reflex action, and reported an increased sense of confidence and joy. As Geurts et al.
(2005) stated, “postural control is the best predictor of achieving independent living and shows
the highest correlation with person-perceived disability” (p. 268). Recall that the greatest gains in
postural balance on the Berg Balance Test were made in the combined intervention group.
In agreement with Geurts et al. (2005), such functional improvement was echoed in the
SSQOL results. As seen in Figure 4.12, the combined intervention group finished with a mean
score of 148, only one point below the mean score of 149 for the resistance-training group,
despite the combined intervention group’s mean starting score of more than 20 points lower than
the resistance training group’s. These results also support the findings of Reed (1989).
While the neurodevelopmental group’s mean SSQOL scores dropped and rose for a
maximum increase of seven points, the combined intervention group’s mean score saw a
consistent rise after the intervention began, with a strong increase seen with test three, the first
in-study measurement. Together, the results indicate that the combined group in particular
achieved a meaningful improvement in overall quality of life.
In addition, there are implications for personal gains and personhood. For a previously
healthy individual, the sudden and dramatic impact of a stroke on function, independence, and
self-image are profound. Regaining function and control, even in small ways, can affect how that
individual views himself and the world around him. Improvement and personal gains give hope
and a sense of accomplishment, especially in patients who have been told they will no longer see
improvement. While these are needed in all individuals, in those who have suffered catastrophic
loss of function, such improvements can have a significant affect on personhood and societal
interactions. While these affects cannot be quantifiably measured, the implications on a patient’s
overall quality of life are noteworthy.
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It is also important, when looking at quality of life, to remember that not all issues are
directly related to the stroke impairment. For example, two participants had difficulty with
swallowing and activation of the swallow reflex. In both instances once posture was strengthened
the swallowing difficulties lessened or ceased. Regardless of stroke impairment, if a patient
slouches in a wheelchair and sits with his head hanging chin-towards-chest this posture alone
affects swallowing and swallow reflex. By strengthening the spinal muscles, an upright posture
was attained and with the head and chin in a more anatomically correct position the natural
swallow reflex was strengthened. The loss of swallow function was, therefore, related to poor
posture and muscular weakness caused by sitting for years in a chair and not directly to neural
damage.
Years Post Stroke
Two participants bear additional scrutiny, as they are much further along the post-stroke
recovery timeline than the other participants. Participant 3105, a 42-year-old male, was 16 years
post stroke and was in the combined intervention group. Participant 3505, a 33-year-old male,
was 17 years post stroke and was in the neurodevelopmental group. Both showed improvements.
The finding of improvement after even 16 or 17 years post stroke is profound since the working
assumption in stroke rehabilitation was that any meaningful improvement occurs with therapy
shortly after stroke.
Participant 3105 experienced a hemorrhagic stroke that damaged both the left frontal and
left temporal lobes. He experienced right-side hemiparesis, decreased reflex sensitivity, eyelid
droop, some loss of swallow control, and showed poor ocular and speech motor control. After
the intervention he showed increased scores in the Fugl-Meyer upper extremity, lower extremity,
and total test scores. He also showed an increase in the SSQOL, and self reported greater
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mobility, self-sufficiency, and positive outlook. He reported a greater endurance at work, and at
the conclusion of the six-month study, he reported purchasing a YMCA membership and stated
his intent to continue with the exercises used in the study.
Participant 3505 experienced an AVM that affected both hemispheres of his brain, with
primary insult to the right temporal and occipital lobes. He experienced uncontrolled muscular
contractions as well as spastic muscular movement throughout his body. He showed significant
ocular dependency as well as low proprioception. He was placed in the neurodevelopmental
group, and while his increases in control and movement were not statistically significant, he self
reported regaining self-sufficiency and an ability to play with his newborn daughter. Five months
into the study he reported having stood up from the floor without aid, the first time he’d done so
since his stroke. He attributed this to increased balance and proprioception developed through the
neurodevelopmental intervention. The implications of such improvements more than a decade
post-stroke are exciting and should be confirmed by subsequent research.
Limitations
There were important limitations to this study, not the least of which was the small
sample size. Because each participant was seen individually and there was only one person
working with the participants, the size of the study was necessarily small. Yet, given the
improvements demonstrated by patients more than four-years post stroke, the interventions used
could be easily taught to qualified therapists and reproduced on a larger scale. This research
suggests that there is potential for delivering the combined intervention to more patients, even
those who are many years post stroke. Further work with a larger number of participants is
warranted.
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Another practical limitation is the amount of time needed to see each participant. Most
therapeutic programs do not allow for such lengthy rehabilitation programs. Two of the initial
nine participants failed to complete the study due to the amount of time needed. Issues with
travel, especially for those in electronic wheelchairs, scheduling, and effort are necessary
considerations when dealing with this population. If the value of this intervention holds true in
future studies, medical professionals and insurance carriers will be challenged to rethink their
support of stroke patients. A paradigm shift in the long-term treatment of stroke would be in
order.
Future Changes
Aspects of this study could be modified in future studies. As the baseline measurements
were consistently close to one another, there does not seem to be a good reason to take multiple
baseline readings as the consistency of baseline measurements seen in this study could be used as
a stable baseline variable in the future.
While it is a well-accepted measurement, the Stroke Specific Quality of Life Scale
yielded limited information. Identical information, and more detailed information, was gleaned
by anecdotal information. In addition, while the SSQOL has established validity and reliability, it
is a self-reporting Likert scale, and is therefore, in essence, anecdotal self reporting. To do both
this scale and collect anecdotal evidence is redundant.
The Fugl-Meyer proved to be an excellent measurement and fit the study’s population
well, as would be expected. It is possible the shortened version of the Fugl-Meyer would yield
similar information and thus save time and effort.
With modern equipment, such as vibratory plates and balance plates, this study could
easily be expanded to include additional measures. It would be interesting to investigate the use
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of such measures to determine if they would show improvement in stroke patients more than four
years post stroke.
Implications for Care Givers
Assuming future studies would uphold the results obtained here, changes in the
preparation of care givers would be warranted. Since the resistance training was modeled using
standard ACSM guidelines, it is possible a certified Health Fitness Specialist (HFS) or an
Inclusive Fitness Trainer (IFT) could be taught to perform this protocol. Since the resistance
training alone was not sufficient to show changes in the participants, an HFS or IFT would need
additional training on the neurodevelopmental procedures used. However, with the background
and knowledge required to be an HFS or IFT, it would not be difficult to create a training
program to teach these professionals the necessary protocols.
Such training would allow a specially trained HFS or IFT to administer the combinedprotocol intervention in a non-medical environment, thus allowing health centers, rehabilitation
centers, and even private gyms to offer a base level of continuing post-stroke treatment. If future
studies uphold the findings from this research, it would be worth investigating the potential of
health-care-funded continuing treatment for chronic-phase stroke patients.
In addition, many of the neurodevelopmental exercises are familiar to most people and
family and home caregivers could easily learn to integrate the neurodevelopmental protocols at
home.
Stroke patient recovery and self sufficiency also impacts the ability of care givers to
return to the work force. Also, the possibly of stroke patients to rehabilitate enough raises the
prospect they return to school or the work force. The financial implications, as stated by Brown
et al. (2006) and Luft et al. (2008), are powerful, with nation-wide savings running into the
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trillions of dollars. Add to these savings the increased earning power of care-givers returning,
even part time, to the work force and the financial implications on a personal, as well as national,
scale are staggering.
Finally, several participants reported creating a habit of exercise and care previously
absent in their lives. It is well established that exercise and activity are healthy habits and
necessary for longevity and quality of life. If the protocols used here can develop such habits in a
sedentary population of stroke patients, the benefits could be far reaching.
Future Studies
Future studies should focus on expanding the number of participants to see if the results
of this study hold true for larger, more diverse populations. In particular, studies should look into
the efficacy of training other investigators in the methods used for this study, specifically the
combination of neuromuscular developmental training with resistance and proprioceptive
training.
An additional area for study is the length of time needed to see results. Six months is
lengthy for physical therapy programs, however results were seen in participants through the
final week of each intervention. There are implications the combined intervention could show
continued improvement if implemented longer. If future replication studies uphold this study’s
findings then additional studies of 12 or even 18 months should be considered. As in any
exercise program, static periods or “plateaus” as they are commonly called could occur and
would be expected in longer treatments.
Also, with these results suggesting the recovery period for stroke extends beyond the
fourth year of chronic-phase recovery, continued efforts need to be made into finding an endpoint, if any, where exercise and treatment are no longer viable.
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The activation of ipsilateral nerve lines should also be investigated. Studies using FMRI
or other such technologies could show if the improvements made in the participants was due to
the creation of new neural pathways, the rerouting of old pathways, or the activation of
ipsilateral pathways. As in resistance training, where initial gains are often the result of
previously unused motor end plate activation, it is possible the improvements seen here were the
result of previously unutilized ipsilateral pathways.
Theoretical and Clinical Implications
The implications of this study are profound and far-reaching both in theory and clinical
practice. If the process of using neurodevelopmental techniques can create improved function,
mobility and quality of life for stroke patients in the chronic phases of recovery, use of these
techniques in the early stages of recovery, when the brain is more plastic, could yield greater
results. In addition, the same techniques could be used for those with traumatic brain injury or
other, non-stroke-related, brain insult. As suggested by Barrett and Williams (1992), the
combined intervention could be used on brain injury and stroke regardless of the severity and
regardless of where the patient is in the rehabilitation process. Specifically, these techniques
could potentially be used to help veterans returning from combat with traumatic brain injury,
those who have had severe head trauma resulting in blood entering the cerebral cavity, and
victims of automobile and industrial accidents.
Such continuous improvement and change is strongly supported by the Dynamic Systems
Theory (Thelen & Ulrich, (1991), that holds a system can undergo continuous change with new
patterns replacing old ones. The replacement of patterns was observed in several study
participants, particularly those in the combined intervention and neurodevelopmental
intervention groups. For example, Participant 3279 showed a decrease in foot drop while
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ambulating, and Participant 3505 shows a lessening of antagonistic muscle group spasm during
exercise. As these new patterns took root, continued improvement was achieved by targeting
similar or kinetically connected movements, such as hip flexion during ambulation.
Theoretically, these results could shed light on how the brain not only repairs damage,
but how compensatory pathways are created in the aftermath of neural insult. The concept of
alternative pathways is not new: however, insight could be gained into how and when those
compensatory pathways are created and harnessed.
Clinically, these techniques could create new guidelines for how chronic-phase stroke is
viewed by rehabilitation specialists and other medical professionals. As the stroke survivor
population continues to grow and continues to survive longer post stroke, the need to understand
and treat the chronic phase becomes imperative. With millions of Americans living post stroke
the implications of allowing stroke survivors, especially younger ones, to return to school and the
work force is profound, not only in regaining independence and quality of life, but in family
dynamics and economical impact.
Specific changes were required to both resistance exercises and neurodevelopmental
exercises to accommodate for stroke impairment. Some of these modifications were simple and
well recognized, such as a strap or glove to secure a paretic limb to a machine handle or weight
bar. Other modifications were more specific, such as the investigator working a paretic limb
through the movements of patty cake, or mirroring the paretic limb to create mirror-neuron
engagement. At times, the participant would clasp hands and work the unaffected side and
affected side simultaneously. There is a certain level of creative thinking needed to apply these
traditional therapies and theories to non-traditional participants, however it is an understanding
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that can be easily explained and taught to professionals in both the therapeutic world and the
exercise world.
Conclusions
Despite the stated limitations, it is clear mobility and life quality gains can be made more
than four years post stroke. The combined approach of muscular strengthening and
neurodevelopmental techniques shows the most promise. Future studies should attempt to
recreate these techniques in larger populations, taking into account groupings by age and initial
score values.
Success of the combined protocol over the other protocols is in agreement with and
supported by previous literature. Luft (2011) showed the recovery of stroke is highly linked to
brain plasticity. McCabe (2010) showed there is both adaptive and maladaptive means for
learning and rehabilitation. By treating the post-stroke brain as an uninjured juvenile brain, not
only are maladaptive motor patterns not repeated, but also secondary motor areas are able to take
over for damaged primary movement areas, as suggested by Kokotil, Eng, & Boyd (2009), and
Luft et al. (2004). That success is further bolstered by Davis and Broadhead (2007), and Whitall
et al. (2000), stating full recovery might be achieved not by repeating the exact same movement
but by practicing many small varieties of that movement.
Minimal changes were seen in the resistance-training group, as might be expected. It is
well known that some movement is always beneficial for those who are highly deconditioned
due to inactivity. There is also ample evidence for the destructive nature of inactivity and a
sedentary lifestyle. Blackburn et al. (2000) showed that stronger muscle groups heighten
proprioception and allow greater stability in movement and joint positioning. Stronger
musculature would aid in quieting postural sway and would allow for greater control in self-
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transfers as well as base ambulation. However, without neurological improvements to achieve
improvement in control, improved strength alone might be insufficient to perform a wide range
of new tasks.
Minimal improvements in each of the separate interventions is in agreement with the
Dynamic Systems Theory that both neurological limitations and muscular limitations would
affect the ability of each system to work at peak performance. With the combined intervention
leading to improvements in both systems, greater gains were achieved through the interaction of
the two components, as suggested by Davis and Broadhead (2007) and Whitall et al. (2000).
Such neurological changes were seen in the neurodevelopmental group. Barrett &
Williams (1992) suggested movement that differed from adult templates, such as those in
children, could be used for stroke patients. Davis & Broadhead (2007) suggested use of new
patterns to replace old ones in promoting the motor development of children. This same type of
educational structure, used in the neurodevelopmental group, showed increases in selfsufficiency and activities of daily living. However, without the resistance training needed to
increase muscle strength and endurance, the participants in the neurodevelopmental group were
limited. There may have been better neuromuscular innervations, however with ongoing
muscular atrophy from years of deconditioning, the participants were simply unable to perform
some tasks at a higher level.
With increases in proprioception brought on by motor learning, possible increases in
motor-neural recruitment, and brain plasticity possibly recruiting secondary pathways, all
combined with muscular hypertrophy and increases in muscular strength and endurance, the
results show potential for the combined protocol to have lasting effects for those in the chronic
phase of stroke recovery. This is in agreement with the Dynamic Systems Theory, Barrett &
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Williams (1992), and Thelen & Ulrich (1991). Furthermore, the use of play-based routines with
adults showed similar results to those reported in children by McCabe (2010). Reaching across
the midline to build greater total body awareness resulted in greater balance, neurological
involvement and, possibly, greater cross-brain integration.
In conclusion, this study demonstrated that an intervention consisting of
neurodevelopmental and strength training activities and lasting six months could yield significant
improvement in stroke patients considerably past the acute phase of rehabilitation.
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Appendix A. Informed Consent

College of Education
Division of Teaching and Learning
One University Blvd.
St. Louis, Missouri 63121-4499
Telephone: 314-516-6792
E-mail: af2n4@mail.umsl.edu

Informed Consent for Participation in Research Activities
Proprioception and Developmental Learning Strategies For Motor Training: A New
Treatment For Chronic-Phase Stroke Patients
Participant ________________________________
___________________
Principal Investigator __Alberto Friedmann, MS, ACSM CIFT
593-2952____

HSC Approval Number
PI’s Phone Number

__(618)

1. You are invited to participate in a research study conducted by Alberto Friedmann, MS and
Dr. Kathleen Haywood, Dean of Education. The purpose of this research is to investigate a
new process of helping those in the chronic phase of stroke recovery to regain balance,
strength, and movement. This research is being performed as a dissertation project in partial
fulfillment of the requirements for the Doctor of Philosophy degree at the University of
Missouri, St. Louis.
2. a) Your participation will involve
 Taking part in an experimental exercise program designed to increase functional ability
among those who are more than four years post stroke. At the beginning of the study we
will ask to measure your ability to sit and stand, as well as your ability to hold and
control objects. We will measure how strong you are in both your upper body and lower
body.
 A release of medical records concerning your stroke to the PI – Alberto Friedmann – and
a physician’s release to exercise. The records release will be specific to your stroke and
will not investigate any other areas of your health.
 After the initial assessments, you will be asked to come to one of our exercise locations
twice a week for a one-hour personally tailored exercise program. You will work with
weight equipment to strengthen muscles and a variety of one-on-one exercises designed
to increase balance and muscular control.
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 Every two months you will undergo the same measurements as the first visit to see if any
changes have occurred. All exercises and measurements are non-invasive and painless.
Approximately 15 volunteers may be involved in this research. There is a possibility of a
secondary research site in Illinois for those living in the Southern Illinois area.
b) The amount of time involved in your participation will be six months. While you will
receive no monetary reimbursement, you will receive six months of personal training.
3. There are no anticipated risks associated with this research aside from standard exercise
risks. They include soreness after exercise, muscle aches, and fatigue after exercise. While
there is always a risk with exercise, such as joint strain or muscle injury, we will do all we
can to ensure every exercise is safe and controlled. Falling is a risk associated with this
population; however every effort will be made to ensure the safety of study participants. The
study PI is a Certified Inclusive Fitness Trainer through the American College of Sport
Medicine and the National Center on Physical Activity and Disability as well as an Exercise
Physiologist.
Participants will be responsible for their own travel to either the University of Missouri St
Louis or Southern Illinois University Edwardsville for training sessions. You may also be
subject to a $5 fee from SIUE for use of gym equipment. Each exercise session will last for 1
hour.
What if I am injured as a result of my participation?
If you suffer an injury in the presence of the investigator, the investigator will assist you in
seeking emergency services. If you suffer an injury in the absence of the investigator, you are
responsible for seeking emergency services. You or your third party payer, if any, will be
responsible for payment of treatment.
4. There are no direct benefits for you participating in this study, aside from the standard
benefits of exercise, which may include increased strength and functionality. However, your
participation will contribute to the knowledge about stroke and may help society in finding
new ways to help those with strokes maintain their quality of life.
5. Your participation is voluntary and you may choose not to participate in this research study
or to withdraw your consent at any time. You may choose not to answer any questions that
you do not want to answer and way refuse to take part in any exercises. You will NOT be
penalized in any way should you choose not to participate or to withdraw.
6. We will do everything we can to protect your privacy. As part of this effort, your identity
will not be revealed in any publication or presentation that may result from this study. In rare
instances, a researcher's study must undergo an audit or program evaluation by an oversight
agency (such as the Office for Human Research Protection). That agency would be required
to maintain the confidentiality of your data.
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7. If you have any questions or concerns regarding this study, or if any problems arise, you may
call the Investigator, Alberto Friedmann, 618-593-2952 or the Faculty Advisor, Dr. Kathleen
Haywood, 314-516-5483. You may also ask questions or state concerns regarding your
rights as a research participant to the Office of Research Administration, at 314-516-5897.
I have read this consent form and have been given the opportunity to ask
questions. I will also be given a copy of this consent form for my records. I
consent to my participation in the research described above.
Participant's Signature

Date

Participant’s Printed Name

Signature of Investigator or Designee

Date

Investigator/Designee Printed Name
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Appendix B. 1. Physician’s Release Form

College of Education
Division of Teaching and Learning
One University Blvd.
St. Louis, Missouri 63121-4499
Telephone: 314-516-6792
E-mail: af2n4@mail.umsl.edu

Physician’s Release Form
Proprioception and Developmental Learning Strategies For Motor Training: A New
Treatment For Chronic-Phase Stroke Patients

Subject’s Name:
Date:

Date of Birth:
Date Release Expires: ________

1) Subjects in this study should understand that this is a research project as part of
the dissertation process for a Ph.D. The project is designed to help create a new
exercise program for physicians and patients to better understand the long-term
effects of exercise upon motor-neural pathways and quality of life for chronicphase stroke patients. Subjects will have a complete assessment of joint mobility
and proprioceptive strength, and neural reflex. These procedures are standard
non-experimental, non-invasive tests.
By signing this form I attest this patient is capable of performing all therapeutic and
measurement exercises outlined in this study and is cognitively capable of signing a
release form.
1)
Participant Signature

2
Physician’s Signature

3)
Physician’s Name

4)
Physician’s Address
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Appendix B. 2. Records Release

Division of Education
One University Blvd.
St. Louis, Missouri 63121-4499
Telephone: 314-516-6792
E-mail: af2n4@mail.umsl.edu

Medical Records Release Form
Proprioception and Juvenile Motor Training: A New Treatment For Chronic-Phase
Stroke Patients
Subject’s Name:
Date:

Date of Birth

1) Subjects in this study should understand that this is a research project designed
to help create a new exercise program for physicians and patients to better
understand the long-term effects of exercise upon motor-neural pathways and
quality of life for chronic-phase stroke patients. Subjects will have a complete
assessment of joint mobility and proprioceptive strength, and neural reflex. These
procedures are standard non-experimental, non-invasive tests.
I hearby authorize Alberto Friedmann to access my medical records as they apply to this study,
including previous diagnosis, physical therapy records, surgical records, and related medical
information.

1)
Participant Signature (adult or minor)

2)
Parent or Guardian if under 18 years of age

3
Physician’s Name

4
Physician’s Address
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Fugl-Meyer Scores

Appendix D.1. Participant 3105, Combined Intervention Group

Fugl-Meyer Scores

Figure D.1.1 Fugl-Meyer lower extremity scores for Participant 3105 (combined intervention
group), scores ranging from 21 to 23.

Figure D.1.2 Fugl-Meyer upper extremity scores for Participant 3105 (combined intervention
group), scores ranging from 25 to 35.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.1.3 Fugl-Meyer hand scores for Participant 3105 (combined intervention group), scores
ranging from 14 to 14.

Figure D.1.4 Fugl-Meyer coordination speed scores for Participant 3105 (combined intervention
group), scores ranging from five to six.

130

Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.1.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3105
(combined intervention group), scores ranging from 15 to 12.

Figure D.1.6 Fugl-Meyer total test scores for Participant 3105 (combined intervention group),
scores ranging from 80 to 89.

Berg Balance Scale Scores
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Barthel Index Scores

Figure D.1.7 Berg Balance Scale scores for Participant 3105 (combined intervention group),
scores ranging from 40 to 52.

Figure D.1.8 Barthel Index scores for Participant 3105 (combined intervention group), scores
ranging from 90 to 95.
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Stroke Specific Quality of Life Scale Scores
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Figure D.1.9 Stroke Specific Quality Of Life scores for Participant 3105 (combined intervention
group), scores ranging from 155 to 171.
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Fugl-Meyer Scores

Appendix D.2. Participant 3279, Combined Intervention Group

Fugl-Meyer Scores

Figure D.2.1 Fugl-Meyer lower extremity scores for Participant 3279 (combined intervention
group), scores ranging from six to 12.

Figure D.2.2 Fugl-Meyer upper extremity scores for Participant 3279 (combined intervention
group), scores ranging from four to six.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.2.3 Fugl-Meyer hand test scores for Participant 3279 (combined intervention group),
scores ranging from zero tozero.

Figure D.2.4 Fugl-Meyer coordination speed scores for Participant 3279 (combined intervention
group), scores ranging from zero to zero.
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Fugl-Meyer Scores

Figure D.2.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3279
(combined intervention group), scores ranging from three to four.

Figure D.2.6 Fugl-Meyer total test scores for Participant 3279 (combined intervention group),
scores ranging from 13 to 22.

Berg Balance Scale Scores
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Barthel Index Scores

Figure D.2.7 Berg Balance Scale scores for Participant 3279 (combined intervention group),
scores ranging from four to 17.

Figure D.2.8 Barthel Index scores for Participant 3279 (combined intervention group), scores
ranging from 30 to 55.
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Stroke Specific Quality of Life Scale Scores
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Figure D.2.9 Stroke Specific Quality Of Life scores for Participant 3279 (combined intervention
group), scores ranging from 91 to 125.
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Fugl-Meyer Scores

Appendix D.3. Participant 3286, Neurodevelopmental Intervention Group

Fugl-Meyer Scores

Figure D.3.1 Fugl-Meyer lower extremity scores for Participant 3286 (neurodevelopmental
intervention group), scores ranging from 20 to 27.

Figure D.3.2 Fugl-Meyer upper extremity scores for Participant 3286 (neurodevelopmental
intervention group), scores ranging from 10 to 27.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.3.3 Fugl-Meyer hand scores for Participant 3286 (neurodevelopmental intervention
group), scores ranging from two to two.

Figure D.3.4 Fugl-Meyer coordination speed scores for Participant 3286 (neurodevelopmental
intervention group), scores ranging from three to four.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.3.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3286
(neurodevelopmental intervention group), scores ranging from one to nine.

Figure D.3.6 Fugl-Meyer total test scores for Participant 3286 (neurodevelopmental intervention
group), scores ranging from 36 to 69.
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Berg Balance Scale Scores
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Figure D.3.7 Berg Balance Scale scores for Participant 3286 (neurodevelopmental intervention
group), scores ranging from 52 to 54.

Barthel Index Scores

Barthel

Figure D.3.8 Barthel Index scores for Participant 3286 (neurodevelopmental intervention group),
scores ranging from 90 to 95.
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Stroke Specific Quality of Life Scale Scores
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Figure D.3.9 Stroke Specific Quality Of Life scores for Participant 3286 (neurodevelopmental
intervention group), scores ranging from 142 to 157.
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Fugl-Meyer Scores

Appendix D.4. Participant 3505, Neurodevelopmental Intervention Group

Fugl-Meyer Scores

Figure D.4.1 Fugl-Meyer lower extremity scores for Participant 3505 (neurodevelopmental
intervention group), scores ranging from 20 to 30.

Figure D.4.2 Fugl-Meyer upper extremity scores for Participant 3505 (neurodevelopmental
intervention group), scores ranging from 35 to 42.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.4.3 Fugl-Meyer hand scores for Participant 3505 (neurodevelopmental intervention
group), scores ranging from 14 to 14.

Figure D.4.4 Fugl-Meyer coordination speed scores for Participant 3505 (neurodevelopmental
intervention group), scores ranging from six to six.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.4.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3505
(neurodevelopmental intervention group), scores ranging from 20 to 24.

Figure D.4.6 Fugl-Meyer total test scores for Participant 3505 (neurodevelopmental intervention
group), scores ranging from 95 to 116.
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Berg Balance Scale Scores
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Barthel Index Scores

Figure D.4.7 Berg Balance Scale scores for Participant 3505 (neurodevelopmental intervention
group), scores ranging from 25 to 44.

Figure D.4.8 Barthel Index scores for Participant 3505 (neurodevelopmental intervention group),
scores ranging from 85to 95.
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Stroke Specific Quality of Life Scale Scores
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Figure D.4.9 Stroke Specific Quality Of Life scores for Participant 3505 (neurodevelopmental
intervention group), scores ranging from 198to 204.
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Fugl-Meyer Scores

Appendix D.5. Participant 3482, Resistance Training Intervention Group

Fugl-Meyer Scores

Figure D.5.1 Fugl-Meyer lower extremity scores for Participant 3482 (resistance training
intervention group), scores ranging from 25 to 27.

Figure D.5.2 Fugl-Meyer upper extremity scores for Participant 3482 (resistance training
intervention group), scores ranging from 15 to 22.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.5.3 Fugl-Meyer hand scores for Participant 3482 (resistance training intervention
group), scores ranging from one to two.

Figure D.5.4 Fugl-Meyer coordination speed scores for Participant 3482 (resistance training
intervention group), scores ranging from five to five.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.5.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3482
(resistance training intervention group), scores ranging from 20 to 22.

Figure D.5.6 Fugl-Meyer total test scores for Participant 3482 (resistance training intervention
group), scores ranging from 67to 75.
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Berg Balance Scale Scores
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Barthel Index Scores

Figure D.5.7 Berg Balance Scale scores for Participant 3482 (resistance training intervention
group), scores ranging from 43 to 46.

Figure D.5.8 Barthel Index scores for Participant 3482 (resistance training intervention group),
scores ranging from 75 to 80.

Stroke Specific Quality of Life Scale Scores
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Figure D.5.9 Stroke Specific Quality Of Life scores for Participant 3482 (resistance training
intervention group), scores ranging from 162 to 177.
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Fugl-Meyer Scores

Appendix D.6. Participant 3927, Resistance Training Intervention Group

Fugl-Meyer Scores

Figure D.6.1 Fugl-Meyer lower extremity scores for Participant 3927 (resistance training
intervention group), scores ranging from 17to 19.

Figure D.6.2 Fugl-Meyer upper extremity scores for Participant 3927 (resistance training
intervention group), scores ranging from five to 11.
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Fugl-Meyer Scores
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Fugl-Meyer Scores

Figure D.6.3 Fugl-Meyer hand scores for Participant 3927 (resistance training intervention
group), scores ranging from zero to zero.

Figure D.6.4 Fugl-Meyer coordination speed scores for Participant 3927 (resistance training
intervention group), scores ranging from zero to zero.
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Fugl-Meyer Scores

PROPRIOCEPTION AND MOTOR TRAINING IN STROKE

Fugl-Meyer Scores

Figure D.6.5 Fugl-Meyer sensory assessment and proprioception scores for Participant 3927
(resistance training intervention group), scores ranging from three to six.

Figure D.6.6 Fugl-Meyer total test scores for Participant 3927 (resistance training intervention
group), scores ranging from 26 to 34.
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Berg Balance Scale Scores

PROPRIOCEPTION AND MOTOR TRAINING IN STROKE

Barthel Index Scores

Figure D.6.7 Berg Balance Scale scores for Participant 3927 (resistance training intervention
group), scores ranging from 32 to 37.

Figure D.6.8 Barthel Index scores for Participant 3927 (resistance training intervention group),
scores ranging from 70 to 75.
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Figure D.6.9 Stroke Specific Quality Of Life scores for Participant 3927 (resistance training
intervention group), scores ranging from 118 to 136.
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